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(57) Abstract 

PURPOSE: To eliminate the bad influence on a culture 
cell caused by change of environmental conditions and 
to prevent effectively accidents such as the admixture 
of various germs, etc., by carrying out automatically 
all the processes required for the subculture of a cell 
in a culture chamber. 

CONSTITUTION: The automatically cultivating device 1 is 
equipped with the culture chamber 3, which is kept under 
a constant atmosphere (e.g., at37°C, 100% humidity 5% 
carbon dioxide gas concentration), at the central part 
of the box 2. The device 1 consists of the device 5 for 
feeding automatically the laboratory dish 4 to the 
culture chamber 3 and taking it out from the chamber, 
the transporting device 6, the discharge device 7, the 
liquid feeder 8, the device 9 for releasing a culture 
cell from a growth face by vibration, the distributing 
device 11, the laboratory dish feeder 12, the automatic 
control device 13 and the observation device 14. A large 
number of the laboratory dishes can be placed on a 
discoid plate, and cell propagation can be carried out 



completely in the device 1. 
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W«ti«^fcft, if, »Scttft©i:#fcfl» 
*-^-84|cHfCH*-^-84 4rR^ 

82*i$Bt:&fateiate£'£fto'tftfc*raT-A 

»# 79,81 jt^Tk^ffiUKfttf-t fljT« -f 6 © jfc 
1ST - A ft ft 79,81 ** % ft ttlafr ' + - V 

4 lcttttfctta**0*»%tfjk:r fto fcfc. K 



»MfiS58-155087(9) 
ttC 89 * ®& 5 -A ft i k 89 * ft 

sto^^jc^l-c, 3:<a86©«*>*ffiis 

it* ft K in K> $ JtX» 7 - a »#79 ©ft»B#B 

-84%$feSt l*'K*t ©B$nt 2rfofc E 
(ES*Hrt\ K7 - A g&# 79.81 A5^4a^tt^t 

ftCt/x<jJ54fitltte^*tX^lb4:K)te-ffto t 

ft < & %^|t-C9lilf:^^t«I^fl»4:ffi$ 
S-£Jxtf, T- a 79 ia B7 ©»»lc Jt 0 
i#86©^ 0 «r « tf lb K ISl'Hr S *v * B$5tLfc\." 
&'0|] KJt^X;«jettB-T»#iL3*ifto * L 

«7-A»#79,Bi*«iBS:ca:li*-cflifliUte 

B*A"C. *- * -84© palC* JUL *'**U*, 914a 

± e «i a & ft b «* ; i ig**j;u £ £4igic^-r 
x?fCv a rto±'B e as © k « ©~w#k 

iESSIit^t* Bs'Blcjist i 5 ic» B L ft 

<^ « « * ft * e> 'K « n&L*ft*zi%-cmto* 



* ft * f y *t K 91 £ , £ © >» f y ^ K 91 * 
3t^-fft3:^W*t92fc, ± E v i> ./ w Ksior 

«i ■ O ft M » «c « 0 ftlt J5> it iV n A'tt* 
93 t . ±E£ft§&# 92 K BS » $ *t"C±|EI536« 
ft « ±Ktt*5hfc'/t-u'4 0li»t&Rt^' 

M«K9 W:, fcKWafc* ft6»££ftu fc: J: ft«# 
• frfctftM*. **A31ft©**lHjBl**'+-u 
4 ©£ffBd»£>%4>1CMM;S*ftt & ■ L © 
■c * '/t-^4fcij|^ A ft to A. * 
&*B*»feBft|C9df|l$ttft*i«!>|c* & b ft X 

^ fto 

6h"tiJ 9, S0IB#i±B£tt33|cfl* 

2*t*tv\ft« *Lt* £&&#92© % ,«S^(Sj© 
4»Wttfc±g2ywy^ K9i ** Jfe 9 ft ft *c l* ft • 
C © y f ✓ -f K9itl % £ # B # 9z # ft $ ft 
MJL.nftfrCT'? y 4>t 91a * IA $ ^ feft* n*» 

• £ ^?^t 91 a ©.ft mm&&&& 1;6 ± © 
t-l/40-iffi(Cfll5 J: 5 K£#fc#92fcffljfc 



3 ft X *> 9 . 7" S> v * 91 a © ft » 8fl t* * 7 9 

v 4 * « L ft 1,* W K -e ^ * ± K BP » » #93 

JR 0 Wit 5>4x-Ci* fto 4^, 3£^ffl#92©ftflft Iff 
» * 3 f t frc^ + -^4©±&fc4'CJ£tXmux*y 
o % * ormtc 7 ? * r * * , =*A#©**»-e^ 

fto ft*». ±Ey vy^ K9iVcti v SIEffl©** 
flib^Kkt^ttX^-C, c©tr^9ib%r(alteB«s 
-f ft c 2; He Jc 9 « ^+'-^4K:ln*,feHft»»* 
fc-BIB-facitf-bSftj; 5 ic ft ^ 1 ft • 

c ©X 0 w:»J«$itfc*i(i&a9 tcJ: 9 X f ^ 
"^4(tjS|ifcfti^, ffl«&*9tf«**ft*:*>fcrt: % 
41*. ^/^I K9i)cKKttlclRtltt$. 

tft.t* 73 918 

#93 ©ft » 831 < Jt o x y t - U4«>n Bft L l*B 
fa © B iff 4f 00 < • ,C © fc: aO > ^ * — f 4 frt tt » 
S&*f42<D$|ft 42a ic Jt: ^>t:»ft%^$$itfteB 
"CAB-IC^ d>9» 'BgBttKfS'tt-r; ;ft 0 t©»|6^ 
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■to, **-^4ni*&*H-e**BB*;e>*B 

« « » *r to A. Mif \ tt««^«fijBft|c«H 
*4a**rt*t * *f Ht*ll* fci* 0 ft ^ X* *0«£*.fc 

tt • ffl ft d'» . '/t-i/Artjcjiirjtiij-ris^^Ui 
J: IB * » Bi i li , # i IS 7* t * 5 * * ft: 
e^#B4Sfc*aLX»&ilfrB*ttBft 1 

£ ft fc $r L v,* $ ft © * t 4fc#£Ufc9T ; & 
&e&rr*4>©x,-ragBiifct* % * » h # 



HBWB58-155087 (10) 

h97"C«»0^-t-V4>|»©»»*Olt# i £f£ 

tr ft o fc « £■ frc it , v-f ~ f 4 Mt^IflA^ 
SfcltSf*****, *f7 fc C t 

«6 983 K^-i y H97fci£tf$ft£-^e-xtfx7' 
98 fc , t©^D-X)Kyr9B^iisiBicKi 

t * -t 5 0 tfitfclfilft T - *99fc , COlHltt 

7-*99©£B*&BteBff?&BfABB** I ioi 
fc, £ OBKAftlfc 3oi % BIS* J: 3 fcfc: 

£#**«£Wtti02fc % ±EB6«r»fl|]0i© 
±ffl»#9fcfc9f*tfP>ftfcB»»*i03fc* c 

<DfZ»«* 103 Km&ZtltemUAH 104 fc % £ 

oto^»$i04^tfj^nfrcg5gtfciateKitiffl* 

-* * - ios t V| JiEBIfe»»*S 101 ©±*gff|c7' 
* y s> * ioea^iijes^fcjsft^y V ✓ -f KX06 

BBeaBMiot%T*ICftltXfr»rft#ae 



9*c % jspjfeft * L X* p fc *©T»M 
© * * tt K h It , # © R 91 « 9«a & T * ft 
^tSS$htV^ 0 tLt, t©|R5|#98a© 
+ »ICItB» 98C tfRH-fettXl^X. 
96c fc # 3" ^98 tOlllCWi, ft3Stt©3-fA>ttsfe 
1 08 # & & ft X ^ * » £ © a -f ^1* ft 108 It »' 

T-*99©fttf»|cR»&ftfctt&99aKR9|jt 
98a * ft A £ 6 C fc J£ J: o X , BB7-A9»iC 
i « fc ft * «£ 5 *C ER 3 ft * © X, SJ& 99a 
lcR9IB98aoieBB4:B#$«-c. *< o - X 
>-^98 *rlElRT-A 99 ©5fc«8*cK#LfcBfc > 
® fcT - *9 9 fc B B'98c fc**8B;h.S;£fatetfi$. 

U X » *< * — Xrf*X^98 5k(lt»r — A 99 ft C o 
^0 tH^t^fiS^t^o *fc. a9l«B98a^ 
OtT^a, !"97©&fc[#fc* &5|tt96a $M1 *a 108 
©B ^ ft U t«t £ % J: 5 K It , ft§|£98a 



fc fc* ^ * M7tOK^^*-Sict?)aHtio 
£ © J: 5fc^»— *#v7'96*BJrca#fcRRi, 

feX-*^J:5^UfcfcaC>^fc6 0 ft *i % ft 31 CI 98 a 
©ft « Bit, ^^ y h97tc«^U-^-f^Jt5*c, 

ft»(cfr<«:trj!fflSfcft4^-^-^}cftii*n 

B « 0 KM ^ X ±E«SgHir 102 It % ±«gp>c 
BBfcflr-f *P3«ftt*»B S*tX^X % itlls 
©?c#B48|c $ Kfc Jia^Lfrt: ttfr 5 ±82 
j!»^"eecltit *6 3 nx, 35#«48 fc'BSS S HX l*" 
^>o t © ftfeS ft # 102 It , rt^E©±TB§P*0 

frXft 6 ± E® tSftftltt 101 4: « ^ L X » C ti * 

tt;ftft*i04tt» BBtttm io3 k: Jt-<x^ w-frffi 
^«£k: B-jK 5 nx ^x v @e«fBttioi^±T 
^iSi-^SftUX^i #K:flJ^B*i04 fcBffift*' 
loa fc ©B-frffctt^Bttdix^ X 3.*cfc*X^* 0 
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^*a*y^iurt*cifctt£n"Ct.*X, £ © ^ # 
>- ^ 1 1 1 ±fc**£fti-*©B«lllaKBfiS 

ft: v « H * L ft: a* o * ; * £ © 5- & £ ffil I 
Kit, V,* < .oj&*©fcffi#ib He ;/ fcixt 
^•Cv .EST -A99 0'fimrttK* l aEft3f 5£tt» 
|ca»ft1CM«3HftJ:5lc&*-C\.*fto * * 

It* ft K [S»j t fcfcKTMi, -<p-x#y;9BO 

& 91 US 98a It, £%gfl| 6 © 1 0©«»Si#42© 

fl> B » 0 IC *t ? ft J: 5 tcftr^-CV-^o & 7\ 

£ © p - X # 7*98 © & 31 # 988 fcl £ f ft « 

B8#42©tta, *te» % ttftft*M2K:*t£r 
5 ^ n -x*:/;r98©ttBfc£tt£K2:i*.£t t 
K-r%>* tiz % £ ©frfcteKic ft£&&|I e © 
BB ft #42 ft: WiG+*«*ffllO^*ftBJcit % ft 
EBttttB*i:tfKBttBfc«j61-ftl: 5 KEt 

£ oBHiDKit78^ % mmtt L it 

itfc^ ^ / ii7 t» z. q>'> 9 i? r ? in otit 
iBloTiilcHiptft^*rt*iElc ifltfttttt 

a?L 117a twici-swaiiea^ffBacsnfc^T 

fclBSih-fc £ © 

izi8i»ae$iifcvt f^^f k 

121 U'iE»iiMi7a.t»ttit2)«fi3 
©tfc«ltgaB£;h,fctf-< y h Stf 122 (gu 
(a^RH)iv £©*' ***hgfrS5*M22©**cT 

11 m&m ) .* © s * » b « s * -c ^ ft . 

±E * -< * h*ftH«&iiMtt,±E**<* h 
97 ©ttfc J: 0 ft; F*3S©B?L©rtiiBff 

fc* *-****©«»** ia sn« 113 ©fto^n 

a'WltME-f *ttllte«#fcft ft J: 5 K#fcL, 

*m#fai©i*B*P3« us ©*ffltc 4 -ea a 5 -ft 

/c^tttrftLTfet)* £ © H3a ©« h O % R 

ffi 1 13 © ± fl& © — ft |c it „ e y K»7 © Jbttfli © 



BIMB58-1550.87 (11) 
*i.e>©*ft»T^»c^t-^ 4 ff 0« H4a Efl £ 

_t 32 -< * h * £ K «9-s it , B 1 B ft J: B 2 
K lc tj*T J: 5 fc , *©**B**±E««B47©« 

K97^io-fo^j|&tftJ: 5 te 9 "t ft o 
h #; *& B «s &t % R 10 B»c»t J: 5 

B»fc#|»WK:«ifc©^-<9r hJDUWffi«J^ii3a 
j&^«3»ifcilSfl« in ± E * -< * h fctt 
^t?J^il3atClRilSrt*KT«}f$*tfc^^, h 97 
KfM^L-C, £*fc#^ M3a ;&> LISTS'* ft *' 

» h ftttffl fv- 114 £©*:-<* 
x - 114 fc#ffcj&ffiBKfc»;5.£ftfc*©y f 
x* 4 K115 ± E * ~* * Ht»«^^-H44r 

«»ttBicai*t-c#»-r ft « 9 ne t % ±e 

feISP3«ii3 , h BBffl w*- 'U4 *%ifc 

3i*LH7atf", ±E*BS 3 ©^#ffi 48 *C # B * 

hfcWKHvSKf ) ttfc* ft Jt 

»»ttBfcBRSnfc«ifcffiftiB97a h&£?ft 
B^GA » B H3b **»B $ *vt £©CD(%gU 
113b li, BSP3Biis©+iOA»<bJlX % * ® £ 
fa©*fc#fc*iLT:;&iRB2fc* fl&;5ft©BBK:*} 

ft 0 C ©Daft 0 113b ft, ±B«*M3a |C±3*» 
(b *P A £ *tt . £& 97a fc CD ft ft U3b K 06 * $ 
*tli|St#|ttBfc«#4*tfctf-<y K97tfS9»C» 
» L & tr* J: 5 K»flJtft«Bfc:rfto 

±ie*~t* htt ft ffl ix x - 1 1 4 ft , L 4: 4* © 
*X-*B ^t, £M 124 i -> tMI S «£ 

125 k. ^HfiiSitShfcWWf 

0 s£ fl 116 frc j: ^ x , S 124 © ft 0 ft*fl 

KSftrftBtt ft* ^ ft. ^©S^fcJ: 

ft ix ^< — ii4©naft»^^it, u^<-ii4©fib 

fcttl*»y ix y -f K115 O/^y'^t 115a©$fetf|i 

ic«fr-r ft £ is ic J; ^ t^siISK-c^fto tut, 
£©B«ttB"Ctt» fx<-ii4© — WflB© — OT^ 
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fc*tt**lfci£-*» t. ft R 1 1 <a ft* , W^llSa 
K«|«*h.fc^-sjr h97 ^F>il&L 
ti^o ±I3yvy*l Kiis fclfSrfffi 

5 i» / ?y^t usa i/y^f k us 

t&4*i.a<D*C, l"< - 114 tttffc 116 

Wffi* * h K: « 6 £ •£ X * ± K * 

* h & * & ir*a ^ -< y h 97 © 97a t ft 
#BTttftfll*ttH*-e«lfc'J-&J: 5 left: o T * o 

±iS^-r y - ffi ft U - 1 i 9 » * £ 1 2« 

Jfcft H9a ^ * r*—WillBKtt$iZtltmy 
UT ItRA^^t, f y -ft 118 K£H 3 ft 
■Cv»4. flfe««fc3*aS*ifcfi?L U9b 

r ^ y + ijiafciKsafc^y uaKiKA? 

X , y v y -f Kizi fclttf^h-C^^o c ®>y 

t£fc frtt 5 „ 7 p ^ *> * 1 21 a $t y u y -f kizi 
B 51 £ & * H , 126 ©8 0 KB 



!fMHS58-l55087(1$ 

J: 5 fc&o XI* <bo tLt. ffi?Lu?a ( 
naa — gc -f * £ h K J: 0 » ±|2u^- ii4 
£*X&K1i!>&ii3art fc » Lfc**xX^fct*^ 

* h 97 ^ % p&jfl- 117a, 118a ** J: 48 Ol 

ft ?l & S ^ X * *tt JrtKfSTtiJ: 5 ictc-a 

X^£ 0 yvy-f K 121 ^©ii«**»Rfc 

n & £ fc rc: jc 0 k v v ✓ >f k 1 21 ftfrh7?y 

& + lila fi9itoLX % *S -r y * -i'llB It g «T 
±gt'-<y h ftlt»«- 122 Ht % RUBlCa*?* 

5 tt . fc # ^*h&7©ft£.tO>*;*tfrF>3&%f*r 

X^X; * ©J:E#ttttlat**b 0* » 122a , £ 

** 0 • H*LfcV»Rtt*«*c * *X*<* 

i22b©$ofc£i$gt;£fofcll»r*Sftfc^£ 

O * ^ * h St It 122 tf-a y h StffcRfc 

e k s *t x ^ x ; ±K^^^^^ii7rt^p>jg# 



© JL HC foX 4 -£„ e-<y H Oy? e 97a t ±58 
* A. ±3e*-fA'rtrtti23ti; % tr-c y 

fr ^ y * Utt XT h * ~< ? C 

97<DT«fflS%r^^3-ti- fc tO^S^r^F*®**: 

* -< y h 970?5T Vc J: A ffi* jjk 
L X * hftlt»«-i22Kisr-<y > S7fc« « 

±E y hStftttti22*?BB£ 
ft*fc*-«y ^^ffittt, «13B Jt '9 K_ 

X % & m « tt 1 1 & *< o - X # y 7* 98 K y > 

t % * >• ^980 R§!« 98a tf % y h ftVt 

nti- 122 regit e>n-ca*^fej6 fcT-Cy h 97 

Oi^PBDICRAU-C, ft?lSg98a&C^-:y ^97 



IfiW ioi %r±^K A S Rlioi 

frg tttttc ^^X.#»$-*4r:K«:, !ft3l#98ak:& 

122 (0^4 BP 122a Lift i>jnt3£ 122b * + 

-tUX. ±E^«B 122a tt % BSltev^SItt 
^SO#^KJ:oX^(ttl22bOjBlO*rlEl»LX % 

. ±12 ^ y hiSJK^S 9 6tt. m i @ te ^ 
tJ:H, 5fe 3 « ICR* «>ttXV*X» RiiBK 

*c^^j:5k:, Eiitittisit, t o © ©tt 131 K 

iS*.*lfe * ^ - 138 t, t O * A U >i - 

132 K-Jjg^^f |BJu„«_ 132 tcm 

» « 1 31 tt-Oitt ^"»t 3&H3KIB 

ft i33<09(i75irc<l:s* a u ^ — 132 ©I§)tti$r0?3£ 
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J: 3E A a u'<— 13 2 IC tt * Efclfc 131 * t,* t 
ft 35 98c t * h97t©M*C»AUX^*1cg] 

t mi- it x> <o-m <o m& * * n 1323,132b t , c 

ft 91 ft 98 a *31ia$-£ & i32c i tf&fifc 

3*tt\,** 0 ±e«S« a » I32a 9 i32b tt, ±E 
ft9'l «Ba ©«Hb*ttlrf fcV* i 0 fc . — £.£f>J: 

vr bfrit ft* ±9 < 

134 tm&i' & itx>*>m® i32d **— # 
K»a**T.xt^* 0 tit* ±e«^i32ctt, n 
* * ^i32a,i32bMvc«6*i«a^^*$nt:frO * 

U — 13 2 *> h y — tT V 134'(C fft-fr U ft 

¥£<a:«"efri, m 12 @ Ic^rf J: 9 te , JiE^ " - 

$i*Lftv*tf-*9 — yw->-r k ft fc J: o -C * 

133 ©*flK:ftLt:KB?tt;&fiK-£fij£(ate* 



«IH8B58-155087 (13) 

tl N * A V>< — 132%-<b— X^^y9SO©»fi. 

^aES«u h 97 

p _ x itf y 7*98% Oft Ktt^ *AV*«- 

132 ^Xh y --^l34teft^ti^'<5' > « * 

7 h97*£* U A.*C3»t? £ A 132 OfcflHtt 

tlt-iiUt (it, flBffi # * «3 132a, i32b (W 
K ^ ^seOSfc 511* 98a tfKX U » »i»ctf* 

15 I32a,l32b O±0* W K t * 

y h 97 £Oi«I^* A ® 132a, 13 2b OT iff g 

it^iUttio tit, to(fcJl*^»- 

132a ,l32b tO ±ft'& tC J: ^ "C *P U ± h fit 
98c t ? h 9 7 I (6 fyj U tft v tt-a o t <0 

gft 98a J: 0 * ilKifltT^feffll^t 



# -r K«s*f (SS**if )4:aot. *S«*3^ 

of^n*#«na6 toiuu $ ft ft * 
» s97tt> «icttjexiaipt*tt % ft* , 

.STs % ^ it& o 4r Kih^ & it 46, y V =» * 

98 1ft* Him WO 9 Y 97 %«H U 7k a. EK 

iailr*r«tf -c * » h ft * * -c — R ft ft u , 
Lrf<*ft, ill fttt ioi o@ reaoRtefc j: 
0 , nif u-Hltt. ifco^y h « 



■C > * a u — 132 * BIB * <"C, -5 p — X^>- 
p - X#y / 98tt *A — 132 iCJI^^i t 

tfc<, «r-< ^ b 97*»* u ft*t® •e»ttttli"t 
@|£^4:IR 9B?^n"C, «ft 133 ^JVC * 0 ^ 

«B««Btt '* *V"Ci* J: 9 f * — v# 

4 KffiO/*- # - 195 tf*iSl3 + 

o fff i , 1 3 0 *c st+ J: 9 » 

- u 4 % i -s> f -=>«t *j m u t±B y - * - 136 

KiH 0 Ili^B^e^W 137 toR^ft2S» 
137 ife® 0 ■^■C^X % ftMjPJ:BH»**» 
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I'Rtt W 136 tf5fJ)^rftl^iffiffO£5®Sfc»S 
* 5/ 1. - U % f) ft Lffl q ft l37a fc fc J. ffi ^ 

£ ^ ^ i38 © g no T®K[g*tLfr^3eflsf 

*tTV*T, ±EH?L 137a KT$&-t& 0g ft U2a 
»aS*lfc'/t » 142 

"M3t % C <0 > * y * ,< ^ l43 0fl& 

^^^•^ i44a ^»j^$n?fe > +y #-JB 
Mffi * -f K 144 *O£V*0'ftjft«n 

"C I* £ 0 



-A141H, £*«»*> 5 R?gte2&gM37©Jf£fC 

tt ± is km'* 136 naowgiifc'/t-i/u 

3! -p # I* * *: *!> © /R gp I 41 a ttm&ZtiX \*Z> 6 c 
om»T« a 141- W % @IEM lag j^HiRLfcl** 

aoB«hfc'/t-w4*ji„jj^t. R^tea 

4 fc-£gf|ft 137**© «r © f$ Jt&tt ft 4 

* . ^^R^tt^fSj-solSlb^^feLt, SJ ft 
larafcJrv^SBiififrciq^iL T n H JL 137a *c 
fc-f * J; 5 K&&i.tz + „ * ~ « 142 ©ggft 

U,a "^, V * - 4 * v - 135 K 

±B£ f + * ^ -Kft - MS ft, i»l45fc 

*ft 143a ; „ * ~# 142 jcffiii^Kte tfv 



1^3358-155087(14) 

t -C fc- 0 % * 0±»© s/ + - u^A** ffi □ 135a 
tt* J: IB- * v> 138 <D£M&tt:£t» 3 jx* £j 

ft 13 7a K % ± E 4" + ? * - ( 1 42 fit x ? <f K "C 

tt + aoitefc^cut^t, -V*- *-l35% & 

o "C «|ft HP » 42 ± fc ST U „ Rfcl** 42 KlRff 3 
it^J:$rcrt^Xv^4 0 JtJLT, CORD issb o 

t t K -f* 0 

±&2 > + - uiRirt SC i36 tt % KSfiLfc-t^icv 

t 9 * R^Ii36J:^ t P3^eiSt5iS7^2Sr;ttl$ 
* + - v 4 ' d> £ 1 3 B K J: PfbT- 
Ai4i fcJtotlf l»^5^Xfi?*i5i;', Jt 

ffifcft*±ifff)»ifts't-^4oaiicj:9, * 
Tftfc&£ v + - u 4 a ID K tc n 3^ « a S 137 

130 fcgA S*-C* iqfi 142 tc £tt $ 

ttK«lc nfcftft liab te* 7 ? ^ i> 

i'X"4 4ate«||if4#t/itr>'i46 4r«A*'*X, 

fifV/<- H3«, yi/^ K 1 4 4 «C ^ W % ft ft 5 

t . W y ^ > -f y 144 ib y 5 y & + 144a a* 
^mu-c, t n k x 0 3t «& 145 © # 0 m gi$£t£ 

i^+y^-^ 142 % * * © 58 ft 142a 
9 *S f ? \ 38 © » ft 137a t-8f ^ttlf 
t» «f $ -6 J: 5 IC fx ^ -C ^ ^ o K ft 137a # 2 42a 
*• - * L fc # BIT? „ ±«2l2lftir-Al41fcJ:c 3 X 
j¥L«ii»**tX*fc^ + -U'4dS, Sift 1 37a 1 142a 

+ 7 ^ 142 rt, y u j 4 y . 
144 fc^^t * t v jqyuy^ KU4R 

ic r 7 x + 144a # 3! £ & £ *l . SIKK^ t9 

*U* . 1117-a 141 i«l ifet^^ t K> 

^ 136 iCff ^_h»f ^ftft-l/^lOfO 
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iiJ:a { Mza%ai;-C'/f"^4^i-Pl , oi/*- 

* - 1.35 fcssottjstuao «t « ^ * fc a * « o 

IJti^ii t * „ 

* 5 k . mftzo&mmoifcw&iK* g k & % 

* sp k & to 3 * ^*iBP*jJ:r/*sssiii*^*^3 

£fl£fg&t7gi££ftxv,*&o ±eciastt. ifitt© 
Wtf SS £ n « K MWL 3 ftX © K W 1 X , 2} (to 
flWfr&MfcV'vxi 47 **/***©£* 
fc»»3*fei*ft:fcb&^©-c% MfcuyxuT 
©■■B«»* i «»*fc»i**ftx^*« c 
o«lvxxi47e)BMSI»« ggisiSfc:#u< 
J: tc, 5^«J^yXi47 ^iMIrtffilKKft 
iu\^» ±»»»&K#iat*ftfc»fo*»B© 

JS V ^ »J =» -f K Jg ft C 1 4 Ba & R 3 ft , A* 



KBRaB58-l55087 ClO 
nab a^*rs *Lfc*«i»»ll(f i«8 t * :©Jtl 

»»» 148 ©TBflH fc«*LX^X % T*80* 

SA tt-M © * ft #< ft l 49 (Ri4H*M)KBe$n 

151 t , £ ©«SW 151 ©ftB^K&S 

3ftfcBfl8iJrtK8fllfcttW3ftXfttti5i « A 

*©ftffi0*±efttt8tttti4B© 

t , ±IB*a'« 151 ©fna fc. *-^-« r u ^ ^« 
4* 1 53 HttTII «S ffitf@teiaEfcK£*3ft 
•C^t. iiiftiSK^a^Kt-N') a'f K * ft 
i; 1 648 ^.fcfijt «»» « 148 © »J a A Kg ft 
i; 1 488 K 3 ft, ±«*VJI©0>fq]**0 

© # jh af m * 1 54b n » s ft fc h tt * 54 t , 

£ © [1 154 © » <t 15 4b iCttfrSftfcttt'Att* 

155 £ © m 2i * 155 * ffl * ftfl fc ftE 0 tt it fc 

*-*-156 tn?< t©i»(»tf««*ft"Ct'5» 
fc *U JbE»*^^^<i47©|i.lH©'-«HiBTlC 

^^>-xi47©^fir«gafc^-r % #&(&ftx 
aig* mo i6»fiR « ftx^t % ramari4ot^ 

fot*<t }fctt*£*:'1h-iso#ifttfJbftXi.** 0 



w ©** * y -3- - 150 it % ig -k v - 150 h ttA 
*SttllcfB«i40 5 *»%tftlttU» ft IK 

140 **>(*tti2 ft ft I** U X X 147 

ftftlBIB ttfc * ©-c. * tf - ( 3 ft-f ) ic 
J:**£&9&£3-£fc9,. *ttoi'>'XfiIffrffi©± 
Sfi — ^ — 1 56 ©Mtefc^iLS-SfcO-f** 5 

/i^tl-^o *fc. ±E*-*-l58tt* ftttfc 
& tp ft fc .* <f y * ( H 3 ft-f ) ©"«» 

Ei^f ft © arisi *c 4 © *5*r & t fc o x ^ 

J:ie^^^vxi47it % ±Ev*-i/fca«ER 
e Ktsvt h 1 o o «t K H#42© ®T fcttffi-f* 1 
5KKSSiJh.titf.O, & 4[g|fc^-?-.t5fc, ftfcfi 

t ©«■ »tt42© * AH H3;«-S-f 5 1 5tc 

tfSeW#42© &tt*, «£ttff t (♦ ^ C t K t 5>e 

tto-C, K Affile |c *> ^ «t ft »5tt42 fc KH 3 ftfc 
^+-^4 ♦©«*«]&«:» Wte^.yXiufeii 



*Al&l4ig. * % ft* 15B ltS*J %l 1^ y X 1 47 t S AS 
-tft^ft^L.t^5o^3btC, ffKBa«Lnc^^ 

*i a* • *»at5rt^*a««i*c«fcii--c\.^©-e, 
lii^&Ri4©^«D0iItt, €-©*r©»^»^oyx 

**»*y^s**fflLfctta*aK#«sft 

cox 5lc«^3ftfc«^^Ki4©^«tei^«:J: 

st» V- XX 147 ID % 5 Itn. 

ftm<D* A y ^©«r*r«I^LX*-^-i56 4:^ 

if^i^ifciiR^ti-^ffii^iate^^^., -fat, 

tfj£l&^165 ^tt, BfiN 154 ^R^tt^fS) 
*fcftB^|t*fl||Cta|53ft % ^ x 152 t ft ?L 148b 

^ V 3 -f Ktt 154a ^ j: tf«lft i: 148a ©f^ffl J: 

157 e> m m ft © ^ + - ^4 *©j§ * «a *a 10* ft 

U/xaie, 5 £&/&©£* fc£t*>-e±82* 

y^©tt^l«flFUX*-i?-156©(afe«:#iL 
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oT % >> a 147 i^t6WS8tf)&^tttifc 

L < fx * <D X , # ft & V* L *4 * ~ ^ - 1 56 © @ 

to IE a/* s' * ~ v 4 If .£ o ^ "C * * — u 4 
^^ffifttfcD, ^ * a ft yt 0 -f & *j -t 

K 14 t£ t » o 

— tt&&Ri4©fK9U#»[6in* % &i4iafc?j« 
Kitm> 5 v 7 161 tox&affy+r — u*vx 162 

*«»LfcBWBBiao -tii-c % *&k 

8*. HMT 159 ©±«««fc 163 ic I o 

#B48 k hjs s Hiis^iciTtu) 

KK» * tt"CV^„ t £ K 160 ©ft fftj&V, 

159 oTAMa ftiot.ni|3tt<>ff A. ftJ^iee t % 



feBBaftogftofffrftfefffcSfefeos y - 
f^r-BJlBBtf, **t**tttB«*i*l»*. 
Jb 82 fti fi - ft) a & » . Aaffiffl©*&t*:*j!fc 
c * ©7k % Ja/t&T * £ - - t , ± 

lc * *. * tixtt-^-jcj: i a -c m a L X % iE W 

x ^.^*ac.-c*»a»rtica9atri:HA»c. 

±c^««ittin % A«asojnaaa«fe 
© * - * - © a it^au, tataxha-. 
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«8BBfl58-155087 (16) 

K -StW^Vx ^ J: 5 fc* o t v** o ?<plc, ton 
iggH i6o lc*i>-04, «|CB8ift^ 9 feV t 

7^^-io3EftA»i« ^47 *» *> * e> fe *. a 
fr * „ m m & Kt4tt . hft 95 K K 160 4* it & o g 

u-ci*t % ftm&®®mt uxkmm-oz z x 5 

***i f »WB**i4 j: 5 -=> t V t , f + - i> 

4fe*IS8jHC*9Hif t fctctiCRfi't-l/ 

4*©tt«BJk©9XftB*tf?ft:*.*Jt 5fc^x^ 

i> fc a* % ^*a3^%jag . in a -f *>> © & a • 

in B B it . * 3rt%J?f£afc(c&ofcA& (D ^ 

^i^a^a . ##g.3 w ©&&#&© p h *&ie 

te{ 7. 2 ).*c«ofc^o^R^^ -'ft A' ABB 

i.*fiintRit&«.niaiti»rcF 

*> 0 CO"J:5*c«F«B3"*:*ipj&»i;*5)2nfiU"C*i 

mwx-h * + - * * *pommmopH*mEm 

xr-^^rt^ * o« ft & ft m f %> if * A* 

O B B « , ** X 9 m£l£EEl3K » # * is — t 
3ht$0dl$fifci»t»^^^ ft»^AD%ifi 



^^#tf&*»wt* *><&*>© -efco* #n» 
jy7fcM**/©A**MWt*fc*>«>*fr* 

sa « k k'i ©.*££*** 3 ort^ffi-^raa 

5 © R * ffi * L * t*vP>©ftP5fPfflfc * 9 > fell 

■ ©k *rti^ l Ki4 * * 5 

etas © 7 <f ^^-c»fie3ixtv>t 4 «*is 
^i^DaKJ:^, mm& * too*.** 



15BflB858-155087(l7) 
^^ftt^fffx5^©"efo^o * B *t » fcfl Jfe © 

#*g*i$fc&B$ftK>£nx*#* & 3 n * *> & a* 1: 

n»A»e>*B'ea«l« , e^J: 5 ct # ? * & 4 

* © ifl ® K 5 -t 5 M H B *E © K K R It 
*r T * « £ © if *c » t - * — 

0 ^ iis 37 c-40 csEictDfi4*fCw**o 

T1~ *> © Bfr ^ * * 

2©»K6»«lcB:it&tLfcR»«»flP^*^ 

167 rttta^atnfc^-f ^ b a y if * 
tztfinwaitti^ > co VL-n & s & 1 it *t * 

JbE*^»«fr^ * >* i«r *©Wll±B>t 
fc&^fc^-Cft:** «*ft3ft©Bft*ilw.-f 
2>*H6©iR»**»l6a* # »R^?>*lX**9, ifc. 



* © T tt * * ig#*3rt©»K%:PI*^Sfc*6 

* © T % ^afftfcfcfeR^ftttfcWflt 

6*Ltf>©<&a©»ft»tti7* * l «lk«HB:**. - C 

±ge«»W1ttR^rt- 'X * - U 4 © # A * .» 

7> p ? a , £ ft 7 p ^ ? . « 7 p ^ ? a, 
4tff.^ p ^ 5 * , ^ ft 7 o ^^A#©*nro^ 
? i * ? 3tn:\,*x+ ^= ^ » *S * » 

tut / ? j*icag-^(.*-c „ a ir#**t 

#|^Sft*-S©»ft*M*3*i*J: 5 Jt ft: 
^^-^^^yvy^ F % 12 ft L ft: 9 , * ^ * - 

* * 5 ft; o -C V 4 0 

y ±© j: 5 k * ^5sw©«Baa©a»**«iii 

K , c©aft**§SKi©ftftKc> ^ : tc * * 



»M©«B»©a»ja»*ife©-**«t*ic. k 

16 ia^?5cf7n^^^-hfe«^Lft:*^e>Sll98 

tic 

a «>««£■: 1 ©east* •< > c 
*l 1* ) * » ft u -c . ^Kiuf^i^sitctiu 
soffit • ans&» . ^oftmifeit . # * ■ ft ft 
ft • u t , *»a»n^»JBi««»c 

>I ^ ft — £©£HftC®&3 7C,ift&ioo * , K 

it, <&-<A'^3X-^7Z3. 26, 29 J&i C * — f 

4 ©te a u -c, '/t-Moi^i* 

** H s & •■ bp^», »Ja»iaft©A9te4'i.- 

K ig 0 & *fr t* * fif +-^4lt» -< ^ h V T 
29. 26, 23fc<fc9*fc#iS£i'L. *fi * S 3 F>3 (t 

C©fBggifc*fc*H.-t* 
-« T 23 f + — 84©H!tt»Ca»Ut*«l«a* 

©flj«J*«r#«-^|fii#c — JE^KEri&U % *©^*w 
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tcSA ?^5 0 X ^> X s *s + — *'4k**<A'b*y 
7 23 vm&XHc X 42 .bfcgftWfc: 

©* r M* % »A*»flfcWE-fc>' 1 >.-.fcJ; 0 . t: 

&*n$*t* £0*yf-0B j»c*^^t, &A* 
23 £ » 23a 0 *-£fcEEl$ff-;fr|B]fc|Sft 

©rt «as^«tiK»tt4sofi7^ 42b n^e>»a't *o 

* > + -i'4ttfcA*»tttt«a»&fc 
ftttRK9ft3*L*. r ^ -c, IftftifttilSgR 

*«*art©JJrSttR|c-fe.^ h Ztlfzttbftm 
1" * . ^Lt, £ ft » IB 3 *l « £ u ^ *g ft 



^fffleB56- 155087 (18) 

ftttftRfc»£r*SMISf]ttR78dtftft3;h. % 
* - 4 © g4a^83 & 3 *t * 0 ft^t* #«£R 
7 (S60gjK()oy i^m Km 0t ft ft £ ft „ * 

T * * — * ~ 55 ft ft 3 ffift^/^h 53 08 

•*rt©*-*rs8fe*©jfcfllSfc§£ffL % ? 7* 

*» K W-6 6 fcflirafrTJittttRKifcs + 4 
4*PUftA»Lti:n.Tir* ; f«^fcttR-e#jh-f«o 

% 4: * T^ss © T $ 33 □ X 0»§|Ut^ffi|^6o 
Kft^/w h sa x. »«f 51 



«ftLfc**T-*-*~5 5©|l|fcA;fc i ta; J h.x % 

« bu a* e> k l at so y ^sb**, hwl* 

iR*ft3*tx, St******.*. t©«. ffcr*. 

S it *' o 

«^"C„ S#«OttAI**ipi|»4h%. Cii 

t)»C|Rfc*#t % y + -i/ 4 *|TftttR*»&*tt 

feEfc#ft£*L* 0 fc|c, *&fc&Rfc*fi5**£ 

IR!Rl7B^ft|Sti ( ^-l/40« 4 ai^ 

a-?-#^7'r4b, tofts 75b, tefc^r » 



^^^^^ Ut, ^CX»^ W ^fi 78 
^ft»SK-C % ^^~^4©*4a^lH««Kft D 

# tt **' fr ft fe H a . 

*i. ■HIlKlri^^HSht., *+-*4o m 
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j^fcia^^ — #5/^740, JD © ?5 7 5C l&Sfc*-* — 
^76C^^Si:t:, — ( 3 cc > tflt * * 

# ft ffl 3 t > ««iifife4WIt*S'/t 
ft 0 K . iB»«*Oft^X»*v-r-i/4 

cogS^XSti, ±fcifc#ft©8S US t £ < R 
tKJCLtfittfcHS©** *©# L «fc 

» * X , ***«»»©*« ft *«rfc*fcfi ft 



HHfl58-l550B7(19) 

ft ft Q 

4 HKjjRLfelBjggBe d'» *9 ft # til K @ £ £ * » 

ft o « V* T * £8@fc^LfciHl*fc$feB9©yu,/ 

-f kqi k m m m k i # n « * a « ff & h * ^ 
n # 93 ^ a & n ic ^ * - v 4 * f C ft m 4a © cq 

tfc-toXfrfrtoftfto CO»ft4^l^6^ 
s/ + -iy4©flEflffJ: 9ifi*£:|*JBfcife*»##ffl*S 

* *c . _bfiw«x«©f»7flt, *ittsttriifflfia 
to n ft o t©xaw:<D*fc % »4ia*c^ufcfe 

iSttltt6*lRfl»fl-*eilciai5*K» f * - v 4 
3JjteftK*>fe*&fcttR4t:#gfr$irLfto * *c % ■ * 
(flffl «B780*ft 16 * ftX* f ir - W 4 ©£4a**B 
& 2 ft , 20»C*LfcP-?-*>7' T4a 



j&*fttt3ft*« c n« J: o wi*b 72a rt *» b 

□ -.^^^^7-748, 75a, ~ - T' 

76a ( sec ) *£ 

fry + -U4fltC«»*ft*« * L "C % HtflK 
H « B 78 a* ft tt S ft t . f * - ^ 4 © m 4a Pfl 

Jifc $ ft ft o 

«l*-C, *#«©«»XS^ffftto*ift* eft 
t* 2 ? » «4-Blc»Ufcei»*B«* 1 ^tt*l6lfc 
0 * ft . v^-^tffcftffiB^&frttttlt* 

•c»»*ft*o — t Ktm#K* io - 12 

B*ciFLfctf*<* h «|&fcK95 itf ft» * ft* 

snfto -ttt. »(£KBU (KB, 11*128* 
Jfc ) © @ teJB »tt 101 ^S»H*^lPJK®fe$H, 

h 97©J;«£BaOfctfc*Li:* * * h 97 * 4 -< » 
— X # x ^98 & «F S ft ft o tLt» * a 
132 f*B id 131 ^r^^tlt R8» It* JC 0 » 



$ ft "t — 0£ tf) -< y h97 i <D^#{ftft^P>il 
Sftftfc* CA,^ttllIfSfl9lb«liioi i&^Ji^lci^H^ 
X#ib£ft. IK ^ t A Bt * ft K @ & 5 ht , 
? h 97fc3gjf-fft^a — jCrtfvT'sa^tf^sf ► 

&tfC£B^ib#ffifcB*-e<aftsnfto & > a* 
attBfcwis***raisfi*B78**ft»*ft% * -r 
4 ©K4atf JBtvt, ©eisfttt 

ioi **?ftf&T*ft. * ^ 9T Oft«»*#B 

4*#EUXig :: FfI*t*:if*®'t* * © P» T # Jh 

£ftfto -< e -X # 5" ^dB ft 31 ft » S ft* 

y'-r - V 4 *©*»**!»-«» C « 3CC ) 

£tftf-**M7fl|C!|t5l*iLft. ZOtiib.* *s -r 
"-^4rt-C««1ft«lC*?>fcl*»»il«fttt* ^ ^ 

^ h97©*s^ft3ip*iiia-rft&i£, te£ic^» 

^K-CSlc^ffiifcSK/fc^ib^^y f97 F»3 IC iff #f 
fc£-#KR9ISHfto C©«*«©ft3ltt. B 
101 1 J: # 3 -K * ^ -< y K97 J&*«1- 
ffiBKlfeft^fJ-C^^-X^x ^98 frWft-fitoK 
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S6«9fe4rS-tr^«aj& s % o - x # y y 98 0 & g| 
ftfrfc X *> . —se* ( % sec)***. 

fttiU^ftiK, -**BttBiejb*«« 

* I* S *t * ( & C ©fr L i> ^ + - u 4 * » « 

* 8 » K 6 *i + _ t* ft & » 37 0 i o & * 



HR1BB58-155087 (2fl) 

# 4 2J; It % 2oOff Ll^Vt - v 4 o |U ^ 

K El « * ft % »i'0^ + -i'4^^iSfirfl|^t:» 

» 78 ^ ft fy |20'/t-V40l4a^|| 



fcA*vbK^i§#^tt, »r a * © ^ * u * * 

tOltfllttif, $ 4 fl fc^L- fi 

£ttft*'b*KttS*-e«tft3-**, fcte, SEG 
H«K 7B^ftn,i / t»20-Xt-i/40i4ajai 
08 ft £ ft & * IMEK^Lfca-^-tfxT' 
74a *%ftft * ft^ iKttSS 72a * t> p - ? - # x 
/ 7 4a, apffi88 7 5a, jfc ^ » — r 76a * ii £ t # 

(«JLtf, 2cc)#tf» »20i/^ 
78 S» ft? ft 3 n -C % |20'/t-V40l4aiS^ 

Is) *£ 3 ft T * g l + - n ^teifftttl-C^ 



1 Of * - u 4 ©«4.*H* S n% * a BICSL. 

C&9, n.i2B#B )icBB*nit-**»cifc 
ft*o fi|> DCiiMioi ^KWtf^A«CD6 

ttTJ3*l£ft& (> £<Oitlb s ^ ° — X *K >- r 96tf „ 

* h ^^-eymic#^t4 *t r ) BKttB 

&3i^98a^rft?a*ASIi32 a> i3 2bffitC©t 

* a fflj i32a,iszb O^SJIB*:^K^n«A3* % 
^-^ * ► " irftam Jt 0»l »B-f. J: o-c. 
-< r Urtt, a*K:j:r>, Kfl^ssaJiOfittS 
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Kiaoasnx. s# 2 <o&&& * icek« tut 
^a-x^^^9 8%:-a^^ y h gtf <a«* xia 

# fc ft Dai-f**!>Of*^U4 (OJK 
* X e * 5 R ft Jb *t.& o tOISttlf, » 4 B K 

a 5 H £ ti & . B(?t>, ^ + * * — 24 » # & * 

K*C£&<Ritm#42 0i»£: 4 2b WfciA?Kt» 
£ ©«t*ffiS*f 42±fc mm 5***1,* C/ * - * a « % 
23b-©f*/fl % a x«723& ©fcafli K 

iO, = v -<72 3 ± eft-* t>iv& 0 * Lt><^ h 



ttM058-t55O87 C21) 

=rx^7 23, 26, 29 j:*Jfi^KS$it, 3 >,^ T 
«£ a X * C<0'>t-f43S:h l^-32J:iiC,f^j| 

* l x , ki±<t> x $ klx % ±mm'\ *IV* 

-fio#fflaic«fc*L*JS#a3*-c, ft i * £ 
ff»20'/ t -i/4 VMIKHjLtf; 3 B,(U| ) 

i O' m 2 <O V + r- \s 4 + fc#ffltt$*VX#»;fc© 

t K J: o X, JS#tt**i*»L. '/t-u 4< os 
(Sffifc fcL X,- £ t LX«BJfi^5itC 

*"&*«*IWA&-fSo £ © » ♦ te*«ttft*ft# 
#«*a-* v *o„ ( iffc K *«ft * ,fc P H 

ft ft S o 



X, ft&*g *i4fc J: 0 „ 0'/t-u 4 noi 

* * 0 , ^JfittS Xft < , fcfcfc&fy** 

»»«f7»*Ji-r»*%«f|i^4 # tit, ft is 

0 It ^ * i: 9 K , »i^^«2^n-i/a 

ft *> ti £ . 

* *i ^ » * »c tt , mi »jcorMrsovt-w40 



f * - * 4 fit 6 *II(fiLTftfcttA •« 

i O'/t-KU, JP ?5c h ^ 32 J: K 

*xj?e o + - L**ft*ffa 

tfftv*o.-c % «£LfcttftiBft*ir*ft 

X ft * 0 

Qfo & *> mat s ^t&AKtt^^ fti^c 
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0, '/t-i/«a|!(|0»*tf|»i4*i4» 

+ $*cLfc©-e % £ « * » £ *'» * a <t 

0 ^ «» O *t t * fc < ft * o 

*liftm*»1t#««*fli£fcL*e;fcK: 

BiR-f * £ fc * &• 

S-bK. . gift , «ifc#<oaf*& 

*««»cfTfc9fcfcK:J:9. Af m J:* J: !) 4£ 

at-e* ^-34a-fc«ft*fffc$2:fctf-fc**fc 
n^cn, BJk«#Q**aft''e6&fct6' 

*te£A&*ottKfttt*Efc-f-&i:fcJc«fc 0, 



«Slfle58-i550B7(22) 
5 t fc -0 * * . t*©*****^*-** 

£2 Bit. J:'Eli,BICwLfc8MI«lO 
■ ftt«ftS© THJB* 

m 3 b *t * ± sb # i 0jc^L/cSft«#«'(a^ 

tt8fcSHfcfe*A-ftW$ltt©»T®0* . 

giBtt* ±b&ibk*l 

. Ms Bit. ±E» 4 H*cSLfc*a*B*C*lfr 

tfttSHfcMiKIIIOBttKBB. 

38 7 Eft, ±B« i B *c*-L fcfl 
SiR**fcB8BBI*tt©*ttft*BI%. 

tt 5 K 5*1 » » * «> « WJB * 

3* 9 B .tt • ±BfciKlfc^Lfcg»*&#&ttfc 



»ioHtt, ±E£ 9 Bte*Lfc»ttKttfc tttt 

# 1 1 E tt * ±EI*9BlcS3*Lfc0-ttl6ttfc* 
-ty h&JK8ttfc©EttBU«**rEIl»&B. 
K 1 z B tt , ±BB9BI£i5*Lfc»6tSBICtftf 

-fcoftKBaftfc^TKBJiTMia* 
KisBtt. ±BfftX4Btc»LfcBKBIIlclitr 

*a*fei'^x©Btt»ft*ji;r«Bj£*ftiiB. 

gi« Bit.' *56^o-»iWtipt«aiSo6» 
*. 

i @ ft*#fc» 

3 



4 >--r-vC«»SS) 

s ....... ft a • flsu m tt 

6 fcx££B 

7 Mft&I 

8 IKSt, 

9 UB&K 

u tt 

i 2 f-r-w«»Ktt 

ia HflM £ tt 

78 ssa h & s 

05 ^?nit»^s 

&6 * -< y ^ mast mm 
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Specification 

1. Title of the invention 

METHOD FOR AUTOMATICALLY CULTURING CELLS AND DEVICE USED 
THEREFOR 

3. Detailed description of the invention 

The present invention relates to amethod for automatically 
culturing cells and a device used therefor, and further 
specifically relates to amethod for automatically subculturing 
cells in a culture chamber maintained in a constant atmosphere, 
and a culture device used therefor. 

As is publicly known, techniques for culturing biotissues 
and cells are basic experimental techniques essential for 
performing studies at cell level in every field such as medicine, 
biology, pharmacy, and agriculture . However, it is technically 
difficult to obtain a stable cell line by subculturing biotissues 
and cells . Conventionally, this has been performed through the 
steps sequentially as will be described below. 

First, a prescribed number of cultured cells isolated are 
stored in a culture vessel such as a petri dish and a square 
bottle for culture, and are diluted by injection of culture fluid. 
Then, the cultured cells are set in a suspension state in the 
culture fluid. Therefore, this culture vessel stands in a 
culture chamber maintained in a prescribed atmosphere (for 
example, temperature: 37°C, humidity: 100%, carbon dioxide gas 
concentration: 5%) , to proliferate the cells. After elapse of 
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a prescribed period, the culture vessel is taken out from the 
culture chamber, and a culture state of the cells is observed 
by observing means such as a microscope. Then, when a required 
amount of the cells is confirmed to be proliferated, a culture 
system of the second-generation is prepared by an aseptic 
operation in a clean bench, etc., in an aseptic state. 

In this operation, first, the culture fluid in the culture 
vessel is sucked by a. pipette, etc., and is discarded. Next, 
the cells remained in the culture vessel are washed with cleaning 
fluid to be injected, such as a phosphate buffer solution, etc. , 
and thereafter, the cleaning fluid is sucked by the pipette, 
etc. , and is discarded. In this cleaning step, the old culture 
fluid is rinsed off so that enzyme can effectively exhibit a 
function in an enzyme processing step as will be described next. 
Subsequently, in order to liberate the cells, which have been 
implanted in the bottom of the culture vessel and proliferated, 
from the aforementioned bottom, being a growing face, an enzyme 
solution containing a proteolytic enzyme such as trypsin is 
injected into the culture vessel, and the enzyme acts on the 
cells for a constant time. Then, after sucking and discarding 
the enzyme solution by the pipette, etc., new culture fluid is 
in j ected into the culture vessel , and is then sucked and discarded 
by the pipette, etc. By repeating this process a plurality of 
times, the culture fluid is stirred. Liberated cells are 
isolated and resuspended in the culture fluid. Then, the culture 
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fluid containing a plurality of cells thus isolated and 
resuspended is divided into a prescribed amount and injected 
into a plurality of new culture vessels. Further, insufficient 
culture fluid is complementarily injected, and then preparation 
of a culture system of the second-generation is completed. 

Next, the aforementioned plurality of culture vessels, 
in which the cultured cells to be sub j ected to a second-generation 
culture are stored, are moved into the culture chamber maintained 
in a prescribed atmosphere again, to proliferate the cells, thus 
continuing the culture. 

In this way, conventionally, the subculture of biotissues 
and cells are performed. However, this subculture method is 
a manual method, and therefore involves various problems. 
Namely, every time sequential operation in the culture step is 
performed, the culture vessel must be taken out from the culture 
chamber. At his time, since the cells are affected by the change 
of an environmental condition, there is a problem that a 
proliferation state and lifetime, etc., are changed. In 
addition, there is a problem that the cells are contaminated, 
killed and metamorphosed by intrusion of bacteria. Further, 
there is a problem that when, since a manual work is different 
depending on a culture technician, the cells are variously 
affected by this difference, a proliferation state, lifetime, 
and configuration of the cells are changed, and a standardized 
culture under a constant condition can not be performed . Further 
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there is a problem that when the cultured cells are pathogenic 
microbes, there is a riskof biohazard (biological contamination) , 
thus involving "a safety risk. 

In order to solve the above-described various problems, 
an object of the present invention is to provide a method for 
automatically culturing cells, so that a culture system of the 
second-generation is automatically prepared in a culture chamber 
maintained in a constant atmosphere and subculture of the cells 
is continuously performed under a constant condition, as well 
as an apparatus used therefor. 

According to the present invention, all steps required 
for the subculture of the cells in the culture chamber can be 
automatically continuously performed. Therefore, an adverse 
affect on the cultured cell by the change of an environmental 
condition can be removed, and an accident such as an intrusion 
of bacteria can be effectively prevented. 

Further, by automating each kind of .operation in the 
culture step, standardization and unionization of each kind of 
operation can be realized, thus making it possible to stably 
obtain uniform cultured cells. 

Further, since there is almost no risk of leaking the 
cultured cells outside the culture chamber, there is almost no 
risk of biohazard, thus making it possible to perform the culture 
with high degree of safety. 

Thus, it is possible to provide a method for automatically 
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culturing cells and a device used therefor, in which the 
above-describedproblems are excellently solved and a remarkable 
effect is exhibited. 

The method and the device of the present invention will 
be explained hereunder, based on an embodiment as shown in the 
drawings. 

FIG. 1 shows an automatic culture device for cells showing 
an embodiment of the present invention. This automatic culture 
device 1 is constituted in such a way that in the center of a 
rectangular prism-shaped case 2 forming an exterior frame of 
the device 1, a culture chamber 3 maintained in a constant 
atmosphere (for example, temperature: 37°C, humidity: 100%, 
carbon dioxide gas concentration: 5%) is provided, and various 
kinds of devices are attached to apply each kind of operation 
to a petri dish 4, being a culture vessel stored in this culture 
chamber 3. Namely, a main essential part of this automatic 
culture device 1 includes the culture chamber 3; a 
carrying-in/carrying-out device 5 for automatically 
carrying-in and carrying-out the aforementioned petri dish 4 
to/from this culture chamber 3; a transfer device 6 for 
transferring the carried-in petri dish 4 to each prescribed 
position of operation; a fluid draining device 7 for sucking 
and removing unnecessary fluid from inside the petri dish 4; 
a fluid feeding device 8 for feeding necessary fluid for culture 
into the petri dish 4; a peel-off device 9 for peeling-off the 
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cultured cells from a growing face by adding vibration to the 
petri dish 4; a dispensing device 11 for stirring the fluid in 
the petri dish 4 and dispensing it in another new petri dish 
4; a petri dish supplying device 12 for supplying a new petri 
dish 4; a control device 13 for automatically controlling an 
operation of the aforementioned each kind of device; and an 
observation device 14 for observing the cultured cells in the 
aforementioned petri dish 4 from outside. 

As shown in FIG.l and FIG. 2, the aforementioned 
carrying-in/carrying-out device 5 is provided in the vicinity 
of an almost center position on the right sidewall of the case 
2 so as to communicate with outside of the culture chamber 3, 
and inside of a housing 21 of the device 5 is divided into three 
chambers such as an inner chamber , an intermediate chamber , and 
an outer chamber by the right sidewall of the case 2 and an 
intermediate wall 22 formed in the housing 21. A belt conveyor 
23 with a center rotatably axially supported by a support shaft 
23a is arranged in the inner chamber, a shutter 24 and a solenoid 
25 for opening and closing this shutter, and a belt conveyor 
2 6 are arranged in the intermediate chamber , and further a shutter 
27 and a solenoid 28 for opening and closing this shutter and 
a belt conveyor 29 are arranged in the outer chamber, 
respectively. 

An inner end portion of the aforementioned belt conveyor 
23 extends into the culture chamber 3 through an opening 21a 



bored on an external wall of the inner chamber of the housing 
21 , having a behavior of turning counterclockwise around the 
support shaft 23a by an extensible coil spring 31 laid over the 
inner end portion and the housing 21. Turning of the conveyor 
23 by this behavior is regulatedby stop of the shutter 24 connected 
to the outer end portion of the conveyor 23 at a position where 
the opening 2a bored on the right sidewall of the case 2 is opened. 
At this regulating position, the inner end portion of the conveyor 
23 is adapted to correspond to a lower site of a placement member 
42 of the transfer device 6 as will be described later in detail. 
The position of the placement member 42 corresponding to the 
inner end portion of the conveyor 23 is called a 
carrying-in/carrying-out position hereafter. This conveyor 23 
is adapted to turn clockwise against an elastic force of a spring 
31 when the aforementioned shutter 24 is opened, transfer the 
petri dish 4 transferred from the conveyor 2 6 of the 
aforementioned intermediate chamber by its transfer force and . 
place it on the transfer device 6, hook the petri dish 4 by an 
engagement claw 23b provided on the inner end portion and place 
it on the conveyor 23, and carry-out it toward the belt conveyor 
26 of the aforementioned intermediate chamber. The 
aforementioned shutter 24 in the intermediate chamber is slidably 
disposed so as to air-tightly open and close the aforementioned 
opening 2a, and is opened and closed by the solenoid 25. Then, 
the aforementioned belt conveyor 26 is arranged at a height 
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position corresponding to the aforementioned opening 2a. In 
addition, the aforementioned shutter 27 in the outer chamber 
is slidably disposed so as to air-tightly open and close the 
opening 22a bored on the intermediate wall 22 , and is opened 
and closed by the solenoid 28. Thus, the intermediate chamber 
is freely opened and closed air-tightly by both of the shutters 
24 and 27, serving as a buffer chamber not allowing the culture 
chamber 3 and outside to be directly communicated with each other . 
By providing this intermediate . chamber , rapid change of an 
environmental condition in the culture chamber 3 can be prevented, 
and the intrusion of bacteria, etc., from the outside into the 
culture chamber 3 can be prevented. Then, the aforementioned 
belt conveyor 29 is arranged at the height position corresponding 
to the aforementioned opening 22a, and the outer end portion 
of this conveyor 29 corresponds to a tray 32 exposed to the outside 
through the opening 21b bored on the external wall of the outer 
chamber of the housing. 21. 

According to the carrying-in/carrying-out device 5 thus 
constituted, each driving roller of each belt conveyor 23, 2 6, 
29 is turned counterclockwise when the petri dish 4 is carried-in, 
and the solenoids 28 and 25 are timely energized to open the 
shutters 27 and 24. Then, the petri dish 4 sent from the tray 
32 is sequentially transferred by the conveyors 29, 26, and 23, 
and by this transfer force, the petri dish 4 is automatically 
placed on the transfer device 6. In addition, when the petri 
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dish 4 is carried-out , each driving roller of each belt conveyor 
23, 26, 29 is turned clockwise, and the solenoids 25 and 28 are 
timely energized to open and close the shutters 24 and 27 . Then, 
the petri dish 4 on the transfer device 6 is hooked by the 
engagement claw 23b, placed on the conveyor 23, then sequentially 
transferred by the conveyors 23, 26, and 29, and taken out on 
the tray 32. Note that as will be described later in detail, 
a cutout 42b, into which the inner end portion of the belt conveyor 
23 is fitted, is provided in the placement member 42 of the transfer 
device 6, thus making it impossible for the turning of the belt 
conveyor 23 to be interrupted by the placement member 42 (see 
FIG. 4) . 

As shown in FIG.l, the aforementioned transfer device 6 
is constituted of a rotation table disposed on a substrate 33 
provided in the culture chamber 3, and is rotatably driven by 
a motor 34. Namely, as shown in FIG. 4, an essential main part 
of the transfer device 6 is constituted of a rotary disc 35 
rotatably supported by a support shaft 35a erected on the 
aforementioned substrate 33; the aforementioned motor 34 for 
rotating this disc 35 by making an output gear 36 engage with 
a gear 35b engraved on an outer peripheral surface of this rotary 
disc 35; a plurality of petri dish placement parts 37 disposed 
at an equal interval, with each base part fixed to a peripheral 
edge portion of the rotary disc 35; and optical sensors 44a and 
44b for detecting a turning position and an initial position 

9 



for performing detection of a moving position of these petri 
dish placement parts 37. 

The aforementioned petri dish placement parts 37 are 
constituted of, as essential parts thereof are shown in FIG. 5, 
arm-shaped support members 38 with bases fixed to the 
aforementioned rotary disc 35; sliding members 41 having a 
C-shape in plan view, slidably attached to the tip end portions 
of these support members 38 by support shafts 39; partially cutout 
annular placement members 42, fixed to the tip end portion of 
these sliding members 41; double plate members 43, with one end 
fixed to a lower surface of the support member 38 and the other 
end fixed to a lower surface of the sliding members 41; and optical 
reflection members 45a and 45b for detecting the turning position 
and the initial position, attached to the outer peripheral 
surface closer to the tip end portions of the placement members 
42. Note that the optical reflection member 45b for detecting 
the initial position is provided only in one of the plurality 
of petri dish placement parts 37. The aforementioned sliding 
member 41 is slidably pivoted on the support shaft 39, with the 
tip end portion of the support member 38 fitted into a U-shaped 
recessed portion, and by the elastic force of the aforementioned 
plate spring member 43, receives an urging force so as to turn 
the sliding member 41, with the tip end portion directed upward. 
The turning of the sliding member 41 by this urging force is 
normally regulated at a position capable of maintaining the 
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placement member 42 in a horizontal state by a regulating means 
not shown. The plate member 43 has a double structure to have 
durability and pliability whereby an elastic force is not 
deteriorated even if being used for a long period of time. The 
aforementioned placement member 42 is provided with a protruding 
edge 42a having an inner diameter slightly larger than an outer 
diameter of a bottom surface wall of the petri dish 4, in the 
outer peripheral part of an upper surface, so that the petri 
dish 4 does not easily drop during transferring the petri dish 
4 placed on the placement member 42. In addition, a partially 
cutout part is formed, so that the inner end portion of the belt 
conveyor 23 of the above-described carrying-in/carrying-out 
device 5 is fitted into this cutout part, thus placing and 
detaching the petri dish 4, and is formed of a cutout part 42b 
inclined at a constant angle to a longitudinal direction of the 
placement part 37. 

The af orementioned optical sensors 44a and 44b are disposed 
at the height position capable of facing the aforementioned 
optical reflection members 45a and 45b, whereby light emitted 
from the optical sensors themselves is reflected by the optical 
reflection members 45a and 45b, then the optical sensors 44a 
and 44b receives this light and performs positional detection 
of the petri dish placement part 37 . Both of the optical sensors 
44a and 44b are connected to the aforementioned control device 
13, and control a rotation of the motor 34 based on an output 



of both of the optical sensors 44a and 44b, and move the petri 
dish placement 37 to an appropriate position. 

Note that in FIG.l and FIG. 4 , a reference numeral 46 
indicates three guide rollers that are in a pressure-contact 
with three equally divided positions on the outer peripheral 
surface of the rotary disc 35, for smoothly regulating the 
rotation of the disc 35. 

As shown in FIG. 1, the aforementioned fluid draining device 
7 is constituted in such a way that a main body part is housed 
in a machine chamber 4 7 provided at an upper site of the culture 
chamber 3 in the case 2, and a lower part extends into the culture 
chamber 3 through a ceiling wall 48 of the culture chamber 3. 
As shown in FIG. 6, a main essential part of this fluid draining 
device 7 is constituted of a fluid draining pipe 51, with upper 
base end portion fitted to one end of a fluid draining tube 4 9 
connected to an suction pump not shown; a support member 52 for 
fixing a part closer to the aforementioned upper base end portion 
and holding this pipe 51; a driving belt 53 for fixing this support 
member 52 to a part of an inner surface; a pair of upper and 
lower pulleys 54a and 54b laid over this driving belt 53; a motor 
55, with lower site pulley 54b attached to an output shaft; a 
guide bar 56 inserted into a guide hole bored on the support 
member 52, for regulating the movement of this member 52 in a 
vertical direction; a support plate 57 for supporting the pulleys 
54a and 54b and the guide bar 56, etc.; a chip storage unit 59 
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for storing a chip 58 formed of a short cylindrical tube, being 
a tip end suction nozzle of the fluid draining pipe 51; a storage 
unit support plate 61 for supporting this chip storage unit 59; 
a chip supply control device 62 for controlling the supply of 
the chip 58; a chip guide tube 63 for connecting the chip storage 
unit 59 and the chip supply control device 62; a solenoid 64 
for driving the chip supply control device 62; a guide pipe 65 
vertically passing through the ceiling wall 48 of the culture 
chamber 3, with an upper end outward protruding edge fixed to 
this wall 48; and a chip insertion/removal pipe 66 attached to 
the lower end portion of this guide pipe 65. The chip storage 
unit 59, the chip supply control device 62, and the chip 
insertion/removal pipe 66, etc., are provided in this fluid 
draining device 7. When draining is performed, with the lower 
tip end portion of the fluid draining pipe 51 directly immersed 
into the fluid in the petri dish 4, this tip end portion is directly 
immersed into a different petri dish 4, and therefore mutual 
contamination between petri dishes 4 occurs. Accordingly, the 
chip 58 is mounted on the tip end of the fluid draining pipe 
51 and is exchanged for every draining fluid operation. 

The aforementioned chip storage unit 59 functions to store 
a plurality of chips 58 composed of a short cylindrical pipe 
with diameter of 3mm and length of 15ram for example, a lower 
part is formed of a conical cylindrical body, a lid 59a is provided 
in an upper end opening part to be opened and closed freely, 

13 



and a lower end opening part is connected to the aforementioned 
chip guide tube 63. Then, this chip storage unit 59 is fixed 
and supported by the upper end portion of the storage unit support 
plate 61, then added with vibration by a vibration device not 
shown, and vibrates together with a thin support plate 61, and 
send the chip 58 to the chip supply control device 62 sequentially 
through the chip guide tube 63. 

A main body of the chip supply control device 62 is 
constituted of a cylinder member 67 and a piston member 68, and 
in the piston member 68, a loose hole 68a formed so as not to 
collide with the fluid draining pipe 51 when this member 68 is 
moved, and a chip storage hole 68b for storing and sending the 
chip 58 one by one, are provided in such a way as to vertically 
pass through the piston member 68 respectively. Then, the piston 
member 68 has a rightward sliding behavior by an extendable coil 
spring 69. Then, at a position moved rightward, the other end 
of the chip guide tube 63 attached to the cylinder member 67 
and the chip storage hole 68b are corresponded, and one chip 
58 is stored in this hole 68b. In addition, when the 
aforementioned solenoid 64 is energized, the aforementioned 
piston member 68 connected to a plunger 64a of this solenoid 
64 is moved leftward against the elastic force of the spring 
69, the aforementioned chip storage hole 68b is corresponded 
to the chip guide hole 65b bored on the guide pipe 65, and the 
stored chip 58 is supplied to the aforementioned chip 



insertion/removal pipe 66. 

The guide pipe 65 is formed of the cylindrical body, having 
an outward protruding edge on the upper end portion, and a center 
hole serves as a fluid draining pipe guide hole 65a for inserting 
the fluid draining pipe 51. Moreover, the chip guide hole 65b 
is bored in parallel to this fluid draining pipe guide hole 65a. 
The chip insertion/removal pipe 66 is formed of an elastic 
deformable material such as pie-otic, and inside the pipe has 
a structure in which the inner diameter is changed from the upper 
end portion continuously in three stages such as a conical part, 
an intermediate diameter portion, and a small diameter portion. 
Then, a cross-shaped slitting split 66a in horizontal cross 
section is provided in a range from the small diameter part to 
the middle of the intermediate diameter part, and further, an 
extensible ring-shaped coil spring 71 is fitted to the outer 
periphery of the upper site of the outward protruding edge of 
the lower tip end portion. Therefore, normally, by the elastic 
force of the spring 71, the slitting split 66a is closed, and 
the chip 58 supplied through the guide hole 65b is guided by 
the conical part and reaches the intermediate diameter part, 
and is set in a stand-by state by being positionally regulated 
by the small diameter part at this intermediate diameter part. 

Note that as shown in FIG. 4, an arrangement position of 
the fluid draining device 7 is defined, so that the lower tip 
end portion of the fluid draining pipe 51 corresponds to a part 
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closer to the outer peripheral edge portion of one of the placement 
members 42 in the aforementioned transfer device 6. The position 
of the placement member 42 corresponding to the fluid draining 
pipe 51 is called a fluid draining position hereunder. In 
addition, a step is formed in the outer peripheral surface of 
the tip end portion of the fluid draining pipe 51, and the tip 
end portion is adapted to be easily fitted into the inner 
peripheral surface of the chip 58, and regulate so that the chip 
58 is not fitted into the fluid draining pipe 51 more than needed. 
Further, the outer diameter of the fluid draining pipe 51 is 
selected so as to be slightly smaller than the outer diameter 
of the chip 58, and at the time when the fluid draining pipe 
51 returns upward, the upper end surface of the chip 58 collides 
with the lower end surface of the chip insertion/removal pipe 
66, and the chip 58 automatically drops from the fluid draining 
pipe 51. 

In order to remove unnecessary fluid from inside the petri 
dish 4 placed on the aforementioned transfer device 6 and moved 
to the fluid draining position by the fluid draining device 7 
thus constituted, first, the solenoid 64 is driven and the piston 
member 68 is made to slide leftward, the chip storage hole 68b 
is corresponded to the chip guide hole 65b, and the chip 58 that 
drops into the chip storage hole 68b and previously stored therein 
is supplied to the chip insertion/removal pipe 66 by its own 
weight through the chip guide hole 65b . Then, the chip 58 engages 



with an inclined step surface between the intermediate diameter 
portion and the small diameter portion, stops at the intermediate 
diameter portion, and is set in a stand-by state, because normally 
the slitting split 66a is in a closed state. Next, by driving 
the motor 55, thereby moving the belt 53, the support member 
52 is descended downward. Then, the fluid draining pipe 51 fixed 
to this member 52 is also descended together with the support 
member 52, and the tip end portion thereof advances into the 
chip insertion/removal pipe 66 from the inside of the fluid 
draining pipe guide hole 65a of the guide pipe 65. Then, this 
tip end portion is brought into contact with the chip 58 in a 
stand-by state at the position of the intermediate diameter part, 
and a tip end thin diameter portion of the fluid draining pipe 
51 is engaged with the center hole of the chip 58 and the chip 
58 is closely fitted to the fluid draining pipe 51. When the 
fluid draining pipe 51 is further descended, the chip 58 forcibly 
advances into the small diameter part, and the slitting split 
66a is pressed and opened against the elastic force of the spring 
71, and the inner diameter of the small diameter part becomes 
large. Accordingly, the fluid draining pipe 51 forcibly 
advances into the small diameter part and protrudes, with the 
chip 58 mounted thereon from the tip end portion of the chip 
insertion/removal pipe 66, and further continues to descend. 
Then, the tip end portion of the chip 58 is collided with a part 
closer to the outer peripheral part of a bottom surface wall 
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of the petri dish 4, with a lid 4a opened by a lid opening/closing 
device 78 as will be described later, the sliding member 41 and 
the placement member 42 are turned against the elastic force 
of the spring 43, then the motor 55 is stopped, with the petri 
dish 4 slightly inclined, and a descent of the fluid draining 
pipe 51 is stopped. Next, the suction pump not shown is driven, 
and the fluid in the petri dish 4 is discharged to a prescribed 
waste tank (not shown) through the chip 58, the fluid draining 
pipe 51, and the fluid draining tube 4 9 . At this time, the petri 
dish 4 is pressed by the chip 58 and is set in a slightly inclined 
state. Therefore, the fluid in the petri dish 4 is collected 
in the vicinity of the tip end opening of the chip 58, and all 
of this fluid is sucked and discharged without being remained 
in the petri dish 4. 

When the aforementioned suction pump is operated for a 
constant period of time, and discharge of the fluid in the petri 
dish 4 is completed, the motor 55 is rotated this time in a 
direction opposite to the direction described above, and the 
fluid draining pipe 51 starts to return upward. Then, first, 
the petri dish 4 , the placement member 42 , and the sliding member 
41 pressed through the chip 58 returns to a horizontal position 
by the elastic force of the spring 43, with a pressing force 
released. Subsequently, when the fluid draining pipe 51 moves 
upward until the upper end surface of the chip 58 collides with 
the lower end surface of the chip insertion/removal pipe 66, 
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the chip 58 can not move upward any more by the aforementioned 
collision, only the fluid draining pipe 51 advances into the 
chip insertion/removal pipe 66, the chip 58 and the fluid draining 
pipe 51 are disengaged, the chip 58 drops by its own weight and 
is automatically stored in the chip storage tank outside the 
culture chamber 3 (not shown) . At this time, it is a matter 
of course that an already used chip 58 that drops is retained 
in the petri dish 4, etc., so as not to drop by an appropriate 
guide means. 

The aforementioned fluid feeding device 8 is a device for 
feeding into the petri dish 4 three kinds of necessary fluids 
such as cleaning fluid, enzyme solution, and culture fluid, and 
as shown in FIG.l and FIG. 2, is constituted of storage vessels 
72a, 72b, 72c for storing the aforementioned cleaning fluid, 
enzyme solution, and culture fluid; a cooling storage tank 73 
for storing these storage vessels 72a, 72b, 72c and storing them 
at a low temperature of about 1°C to 4°C; roller pumps 74a, 74b, 
74c for feeding each fluid in the storage vessels 72a, 72b, 72c 
to the petri dish 4; warmers 75a, 75b, 75c for warming each fluid 
sent by these roller pumps 74a, 74b, 74c up to the same temperature 
as an atmosphere temperature of the culture chamber 3 (for example, 

37°C) ; and a fluid feeding tubes 76a, 76b, 76c for guiding the 
aforementioned each fluid to a fluid feeding position. 

In the same way as a normal refrigerator, the 
aforementioned cooling storage tank 73 cools the inside of the 



tank by utilizing a swelling and exothermic or endothermic 
phenomena of a refrigerant at the time of compressing, and detects 
in-tank temperature by a temperature sensor not shown, whereby 
a compressor (not shown) is operated based on this output, and 
in-tank is controlled so as to be maintained at a constant 
temperature. 

This cooling storage tank 73 is provided so as to cool 
and store the aforementioned each fluid to prevent deactivation 
of the enzyme in the enzyme solution or vitamin and amino acid 
in the culture fluid, because when the enzyme solution and the 
culture fluid are stored for a long period of time under a high 
temperature condition, the enzyme in the enzyme solution (for 
example, trypsin) is deactivated or vitamin and amino acid in 
the culture fluid are deactivated. 

The aforementioned roller pumps 74a, 74b, 74c are already 
publicly-known, with themainbody constituted of a rotary roller 
(not shown) and an arm (not shown) forpressing this roller against 
a fluid sending tube, and by pressure-rotating the roller, the 
fluid in the fluid sending tube is fed. These roller pumps 74a, 
74b, 74c have an advantage that a fluid feeding amount can be 
accurately controlled by the number of rotations of the roller. 
In addition, the aforementioned warmers 75a, 75b, 75c 
incorporates a heater (not shown) and a temperature sensor (not 
shown) , and function to increase the temperature of the fluid 
flown from the warmers 75a, 75b, 75c up to the same constant 
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temperature as the temperature of the culture chamber 3, by 
controlling energization to the heater based on the output of 
the temperature sensor. When the fluid cooled and stored in 
the cooling storage tank 73 is directly fed to the petri dish 
4 in the culture chamber 3, the cultured cells in the petri dish 
4 are killed or metamorphosed by the rapid change of the 
temperature condition. Therefore in order to prevent such a 
phenomenon, these warmers 75a, 75b, 75c are provided. 

Note that as shown in FIG.l and FIG. 4, fluid feeding ends 
of the fluid feeding tubes 76a, 76b, 76c are guided into the 
culture chamber 3 through the ceiling wall 4 8, so as to correspond 
to the center of one placement member 42 in the transfer device 
6. The position of the placement member 42 immediately under 
the tubes 76a, 76b, and 76c is called a fluid feeding position 
hereunder. In addition, as shown in FIG. 2, aeration filters 

77a, 77b, 77c of about 0.2ji are respectively attached to the 
storage vessels 72a, 72b, 72c, whereby the intrusion of bacteria, 
etc . , is prevented at the time of flowing of air into these vessels 
72a, 72b, 72c, and storing and feeding of the culture fluid are 
performed in an aseptic condition. 

In addition, as shown in FIG. 4, a lid opening/closing 
device for opening and closing a lid 4a of the petri dish 4 during 
feeding and disposing the fluid is respectively disposed at an 
outer position in a direction of the diameter of the petri dish 
placement part 37 of the transfer device 6 which is moved to 



a position corresponding to fluid feeding ends of the fluid 
feeding tubes 76a, 76b, 76c of the fluid feeding device 8, i.e. 
a fluid feeding position, and to a position corresponding to 
the tip end of the fluid draining pipe 51 of the fluid draining 
device 7, i.e. a f luiddrainingposition, respectively. As shown 
in FIG. 7, this lid opening/closing device 78 is constituted of 
a pair of right and left arm members 7 9 and 81 for clamping the 
lid 4a of the petri dish 4 from both sides; a drive gear 82, 
with a base part of the arm members 81 on the right side integrally 
fixed thereto; a motor 84, with an output gear 83 engaged with 
this drive gear 82 attached to the output shaft; a connecting 
member 85, with one end portion fixed to the upper surface of 
a part closer to the base part of the arm member 81 on the right 
side and the other end portion extended leftward orthogonal to 
this member 81; a support shaft 85 set in the other end of this 
connecting member 85, with the middle of the arm member 79 on 
the left side slidably pivoted thereto; a taut coil spring 87 
laid over the part closer to the tip end portion of the arm members 
7 9 and 81, for urging the arm member 79 to turn clockwise around 
the support shaft 8 6, so that the tip end portion of the arm 
member 7 9 on the left side approaches the tip end portion of 
the arm member 81 on the right side; an adsorption piece 88 
consisting of a f erromagneticmaterial fixed to the right lateral 
side of a rear end portion of the arm member 79 on the left side; 
and an electromagnet 89 disposed so as to face the adsorption 
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piece 88 in a state of turning to a position capable of clamping 
the lid 4a by both of the arm members 7 9 and 81 . Note that partially 
circular arc-shaped cutout surfaces 79a and 81a are respectively 
formed on an inner side closer to the tip end portions of the 
both of the arm members 79 and 81, so as to easily clamp the 
lid 4a. In addition, normally, the turning of the arm member 
79 by the elastic force of the spring 87 is sufficient to clamp 
the lid 4a with the tip end portions of both of the arm members 
79 and 81 by a regulating means not shown, and is regulated at 
a position where an attracting magnetic force by the 
electromagnet 89 effectively acts on the adsorption piece 88. 

When the lid 4a of the petri dish 4 is opened by the lid 
opening/closing device 78 thus constituted, first, the motor 
84 is energized, this motor 84 is rotated counterclockwise, and 
the drive gear 82 is rotated clockwise around the support shaft 
82a. Then, the arm member 81 placed in a stand-up position 
normally is turned clockwise together with the drive gear 82. 
In addition, the arm member 7 9 is also moved toward a horizontal 
position from the stand-up position together with the arm member 
81. Then, in a stage just before both of the arm members 79 
and 81 are set in the horizontal position, the electromagnet 
89 stars to be energized this time. Then, the adsorption piece 
-88 that moves to the position facing the electromagnet 8 9 is 
attracted by the electromagnet 89, the arm member 79 is turned 
counterclockwise around the support shaft 8 6 against the elastic 



force of the spring 87, and the tip end portion of the arm member 
79 is retreated sideward from the position where it collides 
with the upper surface of the lid 4a. Then, when the arm members 
79 and 81 move to the horizontal position by continuation of 
the rotation of .the motor 84, energizing to the motor 84 is cut 
and the arm members 7 9 and 81 are stopped in the horizontal state 
and the energizing to the electromagnet 89 is also cut. Then, 
the arm member 79 released from a restraint by the attracting 
magnetic force of the electromagnet 8 9 is turned clockwise around 
the support shaft 85 by the elastic force of the spring 87 to 
clamp both lateral sides of the lid 4a by both cutout surfaces 
7 9a and 81a of the arm members 7 9 and 81, thereby clamping this 
lid 4a. At this time, there is a slight gap between the protruding 
edge 42a of the placement member 42 of the transfer device 6 
and the petri dish 4. Therefore the lid 4a slightly moves 
together with the petri dish 4, and is firmly clamped by both 
of the arm members 7 9 and 81. After the lid 4a is clamped by 
the arm members 79 and 81, the motor 84 is energized again, and 
is rotated clockwise opposite to the direction as described above . 
Then, the drive gear 82 is turned counterclockwise through the 
output gear 83, and is turned counterclockwise integrally in 
a state of clamping the lid 4a by the both of the arm members 
7 9 and 81. When both of the arm members 79 and 81 return to 
the stand-up position, energizing to the motor 84 is cut and 
the motor 84 stops, and an opening operation of the lid 4a is 



completed. 

Next, when the opened lid 4a is put for closing on the 
petri dish 4 again, first, in the same way as the opening operation, 
the motor 84 is energized and this motor 84 is rotated 
counterclockwise, and the drive gear 82 is turned clockwise 
through the output gear 83. Then, both of the arm members 7 9 
and 81 move toward the horizontal position. Therefore, when 
the motor 84 is stopped at a time point where both of the arm 
members 79 and 81 reach the horizontal position, the both of 
the arm members 79 and 81 stop their movement, with the clamped 
petri dish 4 put on the petri dish 4 . Next, when the electromagnet 
89 is excited, the adsorption piece 88 that exists at a position 
facing this electromagnet 8 9 is attracted, and the arm member 
7 9 is turned counterclockwise around the support shaft 8 6 against 
the elastic force of the spring 87, and is retreated sideward 
from the position where the tip end portion of the arm member 
79 is brought into contact with the lateral side of the lid 4a. 
Subsequently, when the motor 84 is rotated clockwise opposite 
to the direction as described above, the both of the arm members 
7 9 and 81 start to move toward the stand-up position, without 
clamping the lid 4a. Therefore, at the time point when both 
of the arm members 79 and 81 move to the position impossible 
to clamp the lid 4a again, the electromagnet 8 9 is demagnetized. 
Then, the arm member 79 is turned clockwise around the support 
shaft 86 by the elastic force of the spring 87, and is stopped 



at a prescribed position by the regulating means not shown. Then, 
at the time point when the both arm members 7 9 and 81 return 
to the stand-up position, the rotation of the motor 84 is stopped. 
At this time, a closing operation of the lid 4a is completed. 

As shown in FIG.l and FIG. 4, the aforementioned peel-off 
device 9 is disposed at one side of the transfer device 6 in 
the culture chamber 3, and as shown in FIG. 8, is constituted 
of a solenoid 91 intermittently energized from a power supplying 
device not shown to generate vibration; a support member 92 for 
supporting this solenoid 91; a striking member 93 attached to 
the tip end portion of a plunger 91a of the solenoid 91; and 
a petri dish pressing member 94 fixed to the support member 92 
and positioned just above the petri dish 4 placed on the transfer 
device 6. It is difficult to sufficiently peel-off the cultured 
cells after oxygen treatment from the growing surface of the 
petri dish 4 by only stirring operation by a dispensing device 
11 as will be describedlater in detail . Therefore, this peel-off 
device 9 is provided for adding a crosswise vibration to the 
petri dish 4 and surely peeling-of f the cells from the growing 
surface. 

The aforementioned support member 92 is bent into a crank 
shape viewed from a side, and the base end portion is fixed to 
the aforementioned substrate 33. Then, the solenoid 91 is 
attached to the intermediate portion in a vertical direction 
of the support member 92 . This solenoid 91 is fixed to the support 



member 92, so that the tip end portion of this plunger 91a is 
directed to one lateral side of the petri dish 4 on the transfer 
device 6, with the plunger 91a passed through the opening 92a 
bored on the support member 92 , and the aforementioned striking 
member 93 made of a material such as plastic or rubber not damaging 
the petri dish 4 even if it hits on the petri dish 4, is attached 
to the tip end portion of the plunger 91a. In addition, the 
tip end portion of the support member 92 horizontally extends 
to the upper site of the petri dish 4, and the aforementioned 
petri dish pressing member 94 made of the material such as plastic 
or rubber, etc., is fixed to the lower surface thereof. Note 
that a screw 91b for adjustment is provided in the solenoid 91, 
and by rotary-adjusting this screw 91b, a vibration force added 
to the petri dish 4 can be adjusted. 

In order to add vibration to the petri dish 4 by the peel-off 
device 9 thus constituted and peel-off the cells, first, the 
current is intermittently fed to the solenoid 91. Then, the 
plunger 91a performs reciprocal movement in the right and left 
directions at a current energization period, and at a position 
where the plunger 91a moves in the left direction, the lateral 
side of the petri dish 4 or the lateral side of the lid 4a is 
stroke by the tip end portion of the striking member 93. 
Therefore, the petri dish 4 vibrates rapidly and periodically 
in a range where the petri dish 4 is allowed to move by the 
protruding edge 42a of the placement member 42 . By this vibration, 



the cultured cells in a liberated state is gradually peeled-of f 
from the bottom surf ace, being the growing surface, in the petri 
dish 4, and if the vibration continues to be added for about 
one minute, the cultured cells are completely peeled-off from 
the bottom surface. During this peeling-of f operation, the lid 
4a sometimes receives a force in a direction that the lid 4a 
is detached from the petri dish 4 by vibration. However, the 
pressing member 94 is provided just above the lid 4a, thus 
eliminating a problem of detaching the lid 4a. Accordingly, 
there is no problem that the peeled-off cultured cells fall out 
of the petri dish 4. 

As shown in FIG.l, the dispensing device 11, with main 
part disposed in the machine chamber 47, passes through the 
ceiling wall 48 of the culture chamber 3, and a dispensing 
operation part extends into the culture chamber 3. This 
dispensing device 11 functions to stir the culture fluid in the 
petri dish 4 by repeating suction/discharge for a plurality of 
times by a pipette 97 (see FIG. 9) and dispense the culture fluid 
to a plurality of new petri dishes 4 supplied from the petri 
dish supply device 12 as will be specifically described later, 
and this device 11 is provided with a pipette supplying device 
95 and a pipette releasing device 96. In this way, by providing 
the pipette supplying device 95 and the pipette releasing device 
96, the pipette 97 can be replaced for each operation of stirring 
and dispensing of the culture fluid in one petri dish 4, because 
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when the stirring and dispensing of the culture fluid in a 
plurality of petri dishes 4 is performed by one pipette 97, there 
is a problem of generatingmutual contamination between the petri 
dishes 4. 

As shown in FIG. 9, an essential main part of the dispensing 
device 11 is constituted of a bellows pump 98 with the pipette 
97 mounted on an suction end 98a; a turning arm 99 with this 
bellows pump 98 attached to a free end portion so as to be placed 
thereon; a rotary sliding shaft 101 with a base part of this 
rotary arm 99 fixed to the bottom surface; a bearing member 102 
for rotatably and slidably supporting this rotary sliding shaft 
101; a drive gear 103 attached to a part closer to the upper 
end portion of the rotary sliding shaft 101; an output gear 104 
engaged with this drive gear 103; a rotation driving motor 105 
with this output gear 104 fixed to the output shaft; a sliding 
solenoid 106 with the plunger 106a connected to the upper end 
portion of a rotation sliding shaft 101; and an extensible coil 
spring 107 wound on the plunger 106a for urging the rotation 
sliding shaft 101 downward. 

The bellows pump 98 is already publicly-known, and has 
a short cylindrical outer shape, and a tube-shaped suction end 
98a is protruded downward from the center position of the lower 
end surface. Then, a flange 98c is provided in the middle of 
this suction end 98a, and an extensible coil spring 108 is wound 
between this flange 98c and the pump 98.. As shown in FIG. 11, 
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the bellows pump 98 is arranged so as to be freely mounted or 
removed on/from the rotary arm 99 by fitting the suction end 
98a into the cutout 99a provided on the tip end portion of the 
rotary arm 99. Therefore, when the bellows pump 98 is mounted 
on the tip end portion of the rotary arm 99 by fitting the base 
end portion of the suction end 98a into the cutout 99a, the coil 
spring 108 functions to firmly fix the bellows pump 98 into the 
rotary arm 99 by urging the rotary arm 99 and the flange 98c 
in a direction separated from each other. In addition, the coil 
spring 108 also functions tomake a fitting force constant between 
the suction end 98a and the pipette 97, by allowing the suction 
end 98a to move against the elastic force of the spring 108 when 
the pipette 97 is fitted into the suction end 98a. In this way, 
the bellows pump 98 is freely mounted or removed on/from the 
rotary arm 99. This is because sterilization is enabled by 
removing the bellows pump 98 independently. Note that the tip 
end portion of the suction end 98a is tapered so as to have a 
smaller diameter toward tip end, whereby it is easily fitted 
into the pipette 97. 

In FIG. 9 again, the aforementioned bearing member 102 is 
formed of a cylindrical body having the flange part on the upper 
end portion, and is fitted into a through hole bored on the ceiling 
wall 48 of the culture chamber 3, and is prevented from falling 
off by the flange part so as to be fixed to the ceiling wall 
48. This bearing member 102 is provided with a ball bearing 



mechanism 109 in a part closer to the upper and lower end portions 
on the inner peripheral surface, with the rotation sliding shaft 
101 formed of a cylindrical body fitted thereinto, and supports 
this rotation sliding shaft 101 rotatably and slidably. In 
addition, the aforementioned output gear 104, with an engaging 
face widely formed compared to the drive gear 103, is adapted 
to always maintain an engaging state between the output gear 
104 and the drive gear 103 even if the rotation sliding shaft 
101 moves in a vertical direction- Further, the solenoid 106 
and the motor 105 are housed in a housing 111, and fixed to this 
housing 111 or a substrate 111a integrally formed with this 
housing 111. 

Note that although not particularly shown in the drawings, 
this dispensing device 11 is provided with several positional 
detection sensors, whereby a turning position of the rotary arm 
99 is automatically controlled at an appropriate prescribed 
position. In addition, as shown in FIG. 4, at a position where 
the rotary arm 99 turns most clockwise, the suction end 98a of 
the bellows pump 98 corresponds to a part closer to the outer 
peripheral edge portion of one placement member 42 of the transfer 
device 6. A position of the placement member 42 corresponding 
to the suction end 98a of the bellows pump 98 or a position of 
the bellows pump 98 corresponding to the placement member 42 
are called a dispensing position hereafter. In addition, at 
an outer position in a diameter direction corresponding to the 



placement member 42 of the transfer device 6 that exists in this 
dispensing device, the same lid opening/closing device 78 as 
that arranged so as to correspond to a fluid feeding position 
and a fluid draining position is arranged. It is a matter of 
course that this lid opening/closing device 78 functions to open 
the lid 4a from the petri dish 4 at the time of dispensing operation 
and put the lid 4a again on the petri dish 4 at the time of finishing 
the operation. 

As shown in FIG.l and FIG. 2, with the main body thereof 
disposed in a part closer to a right end rear portion of the 
machine chamber 47 , the pipette supply device 95 is adapted to 
supply the pipette 97 to the dispensing device 11 one by one. 
As shown in FIG. 10, an essential main part of this pipette supply 
device 95, with the center part fixed to a rotary shaft 112, 
is constituted of a rotary disc 113 formed with a plurality of 
pipette storing cutouts 113a at equal intervals on the outer 
peripheral edge portion; a pipette supplying lever 114 that 
engages with the pipette 97 stored and held by the aforementioned 
pipette storing cutout 113a to make it drop from the cutout 113a; 
a solenoid 115 for making this pipette supplying lever 114 retreat 
to a non-supply position; a torsional spring 116 for urging the 
pipette supplying lever 114 toward a supply position; a housing 
117 storing the rotary disc 113 and the pipette supplying lever 
114, etc. , with a through hole 117a for passing through the pipette 
bored on a part of the bottom surface so as to correspond to 
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the opening (not shown) bored on the ceiling wall 48 of the culture 
chamber 3; a shutter plate 118 air-tightly and slidably disposed 
on the lower surface of the bottom wall of this housing 117 by 
a guide means not shown, with the opening 118a corresponding 
to the through hole 117a bored thereon; a shutter drive lever 
119 with one arm end connected to this shutterplate 118; a shutter 
driving solenoid 121 with the other arm end of this shutter drive 
lever 119 connected to a plunger 121a; a pipette receiving member 
122 disposed at a position in the culture chamber 3 corresponding 
to the through hole 117a (see FIG. 11); and a coil spring 123 
for absorbing impact disposed at a further low site of this pipette 
receiving member 122 (see FIG. 11). 

The aforementioned pipette storing cutout 113a has a shape 
that a key groove-shaped vertical groove is bored on the inner 
peripheral surface of a vertical hole with slightly larger inner 
diameter than the outer diameter of the pipette 97 so as to be 
symmetrical at a position corresponding to inner/outer 
directions of the diameter of the rotary disc 113, and the vertical 
groove in an outer diameter direction is communicated with the 
outer periphery of the disc 113, and at a part of the upper surface 
of the disc 113 around this cutout 113a, a shallow recessed part 
113b that engages with a locking projection 97a protruded at 
a symmetrical position on the upper end portion of the pipette 
97 is formed. This recessed part 113b is symmetrically provided 
on the right side relative to the vertical groove in the outer 
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diameter direction and on the left side relative to the vertical 
groove in the inner diameter direction, respectively. This 
recessed part 113b functions to regulate the pipette 97, which 
is inserted from an upper side into the cutout 113a, engaged 
with the recessed part 113b and held at a storing position, so 
as not to move extremely. 

The aforementioned pipette supplying lever 114 is formed 
of an L-shaped plate, slidably pivoted on the support shaft 124, 
wound on the support shaft 124, and has a behavior of turning 
clockwise around the support shaft 124 by the torsional spring 
116 having a closing leg behavior, with one end locked by one 
arm of the lever 114 and the other end locked by a stopper pin 
125, respectively. The turning of the lever 114 by this behavior 
is normally regulated by collision of the other arm end of the 
lever 114, with the tip end of the plunger 115a of the solenoid 
115. Then, at this regulating position, a pipette engagement 
part 114a protruded to one side of the one arm end of the lever 
114 retreats from the engagement position between the pipette 
engagement part 114a and the pipette 97 stored in the cutout 
113a. In addition, when the solenoid 115 is energized, the 
plunger 115a is pulled into the solenoid 115, and therefore the 
lever 114 is turned clockwise around the support shaft 124 by 
the elastic force of the spring 116, making the lateral side 
of one arm collide with the stopper pin 125, and moves to the 
engagement position where the pipette engagement part 114a can 
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engage with the projection 97a of the pipette 97. 

The aforementioned shutter drive lever 119 is slidably 
pivoted on the support shaft 126, with a long hole 119a bored 
on one arm end fitted into a pin 127 set on the shutter plate 
118 , thus being connected to the shutter plate 118 . In addition, 
the shutter drive lever 119 is connected to the solenoid 121, 
with a long hold 119b bored on the other arm end fitted into 
a pin 128 set on the plunger 121a. When the solenoid 121 is 
energized, the plunger 121a is pulled into the solenoid 121, 
and the shutter drive lever 119 is turned clockwise around the 
support shaft 126, tomakethe shutter plate 118 slide to a position- 
where the opening 118a coincides with the through hole 117a of 
the housing 117. Then, by coincidence of both holes 117a and 
118a, the pipette 97 already pushed into the cutout 113a by the 
lever 114 drops into the culture chamber 3 through both holes 
117a, 118a and the through hole of the ceiling wall 48. 
Thereafter, when the energization to the solenoid 121 is cut, 
the plunger 121a is projected from the solenoid- 121, and the 
shutter plate 118 automatically returns to a closing position. 

As shown in FIG. 11, the aforementioned pipette receiving 
member 122 is formed of a cylindrical body split into two in 
a vertical direction, having a slightly larger inner diameter 
than the outer diameter of the pipette 97. In addition, a half 
part 122a on the side of dispensing position is arranged so as 
to be opened and closed by the support shaft 122b, and normally 
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has a behavior of turning counterclockwise around the support 
shaft 122b by an elastic means not shown, and collides with the 
other half part and stops. This pipette receiving member 122 
is disposed at a pipette receiving position, whereby the pipette 
97 that drops into the culture chamber 3 from the housing 117 
is fitted into a center hole through or not through an appropriate 
guide means, and the projection 97a of the pipette is held so 
as to collide with an upper end opening peripheral edge. In 
addition, the coil spring 123 is wound and formed so as to be 
thinner than the outer diameter of the pipette 97, whereby the 
lower end portion of the pipette 97 is fitted into the pipette 
receiving member 122 while dropping, the impact by the drop of 
the pipette 97 is absorbed while slightly increasing a wound 
diameter at this time, the pipette 97 is locked shock-absorbingly 
by the pipette receiving member 122, and a rebound of the pipette 
97 is prevented. As shown in FIG. 12, the pipette receiving 
position, in which the pipette receiving member 122 is disposed, 
corresponds to a turning locus of the bellows pump 98. When 
the dispensing device 11 makes the bellows pump 98 turn to the 
pipette receiving position and makes a rotation sliding shaft 
101 descend, the suction end 98a of the pump 98 is fitted into 
the upper end opening of the pipette 97 received and positioned 
by the pipette receiving member 122 , and the pipette 97 is mounted 
on the suction end 98a. Then, after the rotation sliding shaft 
101 is returned to the upper side, this shaft 101 is rotated 



counterclockwise, and the bellows pump 98 is moved toward the 
dispensing position. In this state, by the pipette 97 fitted 
to the suction end 98a, the half part 122a of the pipette receiving 
member 122 is pressed and moved, turned with the support shaft 
122b as a center and opened, and the pipette 97 is taken out 
at the dispensing position, in a state that the pipette 97 is 
mounted on the bellow pump 98 . Then, the half part 122a is turned 
around the support shaft 122b by the elastic force of the elastic 
means not shown, and returns to the pipette receiving state in 
which the half part 122b collides with the other half part. 

Meanwhile, as shown in FIG.l, the aforementioned pipette 
releasing device 96 is provided in the culture chamber 3, and 
as shown in FIG. 11, the pipette releasing device 96 is constituted 
of a turning shaft 131; a cam lever 132 fixed to this turning 
shaft 131; a taut coil spring 133, with one end locked to this 
cam lever 132, for giving to this lever 132 a behavior of turning 
clockwise, with a rotary shaft 131 as a center; and a stopper 
pin 134 for regulating the turning of the cam lever 132 by the 
elastic force of this coil spring 133 to a prescribed pipette 
releasing position (see FIG. 12). 

In the aforementioned cam lever 132, there are formed a 
pair of wedge-shaped cam parts 132a and 132b in one arm end which 
is largely extended from the turning shaft 131, for separating 
off the flange 98c of the bellows pump 98 and the pipette 97 
when being fitted between them; and a cutout 132c for passing 
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through the suction end 98a of the bellows pump 98 after the 
above-described separation is completed. The wedge-shaped cam 
parts 132a and 132b are formed so as to extend in the diameter 
direction again after they are set up once , to prevent the movement 
of the suction end 98a, and a wall part 132d for colliding with 
the stopper pin 134 is integrally formed in one cam part 132a. 
In addition, the cutout 132c is formed in a vertical direction 
between both cam parts 132a and 132b. In a normal position in 
which the cam lever 132 is engaged with the stopper pin 134, 
as shown in FIG. 12, the cutout 132c corresponds to the turning 
locus of the suction end 98a of the bellows pump 98. Note that 
the aforementioned turning shaft 131 performs rotation of a 
constant angle counterclockwise against the elastic force of 
the spring 133 by a rotary solenoid, etc., not shown, and when 
such a rotation of a constant angle occurs, the cam lever 132 
is retreated from the turning locus of the bellow pump 98. 

The pipette releasing device 96 thus constituted is 
positioned at a pipette releasing position where the cam lever 
132 is engaged with the stopper pin 134 when the bellows pump 
98 is turned toward the pipette receiving position from the 
dispensing position to discard a used pipette 97 by the dispensing 
device 11. Accordingly, when the bellows pump 98 is turned to 
the tip end position of the cam lever 132, with the pipette 97 
mounted thereon, the suction end 98a of the pump 98 is f itted-in 
between the wedge-shaped cam parts 132a and 132b, and the flange 
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98c is abut on an upper inclined plane of the cam parts 132a 
and 132b, and also the upper end surface of the pipette 97 is 
abut on the lower surface of the cam parts 132a and 132b. Then, 
when the bellows pump 98 is further turned from this state, the 
flange 98c is pressed up by the upper inclined plane of the cam 
parts 132a and 132b, and the flange 98c and the pipette 97 are 
pushed wide by the upper inclined surface of the cam parts 132a 
and 132b. Therefore, the pipette 97 fitted to the suction end 
98a is detached from the suction end 98a, drops toward the lower 
side by its own weight, and thus releasing of the pipette 97 
is performed. The dropped pipette 97 passes through a pipette 
guide member (not shown) arranged at the lower side, and is guided 
and stored in a pipette storing tank (not shown) provided outside 
the culture chamber 3. The pipette 97 thus stored is collected 
and recovered later , washed, sterilized, and reused. Note that 
in order to prevent contamination in the culture chamber 3 by 
ventilation between the pipette storing tank and the culture 
chamber 3, a dust-proof and bacterium-proof filter consisting 
of a thin film filter made of silicon rubber is provided between 
them. In addition, the bellows pump 98 further continues to 
turn after releasing the used pipette 97 , and moves to the pipette 
receiving position once, thereafter retunes to the dispensing 
position again by reverse of the rotation direction of the rotary 
sliding shaft 101, and is set in a stand-by state until the next 
pipette mounting operation. 
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Next, when the bellows pump 98 is returned to the dispensing 
position, with a new pipette 97 mounted on the dispensing device 
11, the pipette releasing device 96 functions to rotate the 
turning shaft 131 counterclockwise, make the cam lever 132 turn 
against the elastic force of the spring 133, and make the cam 
lever 132 retreat from the turning locus of the bellows pump 
98. Therefore, the bellows pump 98 returns to the dispensing 
position, with the pipette 97 mounted thereon, without colliding 
with the cam lever 132, and after being free of rotation force 
of the rotary shaft 131 thereafter, the cam lever 132 returns 
to the pipette releasing position where it collides with the 
stopper pin 134 by the elastic force of the spring 133. 

As shown in FIG.l and FIG. 2, the aforementioned petri dish 
supplying device 12 is formed in such a way that the main body 
part is arranged in the rear middle of the machine chamber 47 
and from this main body part, a shooter 135 for guiding the petri 
dish extends into the culture chamber 3. As shown in FIG.l and 
FIG. 13, the essential main part of the body part of the petri 
dish supplying device 12 is constituted of a petri dish housing 
part 136 for housing a sterilized petri dishes 4 by obliquely 
stacking them; a circular transfer part 137 communicated with 
the lower end portion of the laboratory housing part 136, in 
order to take out the petri dishes 4 one by one from this part 
136 to sent them to the shooter 135; a housing 138 surrounding 
this circular transfer part 137, with the bottom surface wall 



also serving as the bottom surface wall of the circular transfer 
part 137 ; a rotary shaft 139 provided in the center of the circular 
transfer part 137; a rotary arm 141, with a base part fixed to 
this rotary shaft 139, and with a free end portion hit on the 
petri dish 4 so as to pushedly move this petri dish 4; an opening 
137a for sending the petri dish, bored on the bottom surface 
wall at a position almost facing the petri dish housing part 
136; a shutter plate 142 air-tightly and slidably arranged on 
the lower surface of the bottom surface wall of the housing 138 
by a guide means not shown, with opening 142a corresponding to 
the opening 137a bored thereon; a shutter driving lever 143, 
with one arm end connected to this shutter plate 142 ; and a shutter 
driving solenoid 144, with a plunger 144a connected to the other 
arm end of this shutter driving lever 143. 

The aforementioned shooter 135 for guiding the petri dish 
is constituted of a tube body, with its sectional shape formed 
into a laterally long square shape for passing through the petri 
dish 4, passes through the ceiling wall 48 while gently winding 
like a slide, and extends toward inside the culture chamber 3 
from the machine chamber 47. An opening 135a of its upper end 
at the petri dish sending side faces the opening 137a bored on 
the bottom surface wall of the housing 138 through a gap whereby 
the shutter plate 142 can slide. In addition, as shown in FIG. 4, 
the opening 135b of its lower end at the petri dish sending side 
corresponds to the upper site of one placement member 42 in the 
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transfer device 6. Then, the petri dish 4 that reaches the 
opening 135b through the shooter 135 drops onto the placement 
member 42 by its own weight, and is placed on this member 42. 
The position of the placement member 42 just under this opening 
135b is called a petri dish supplying position hereafter. 

As described above, the aforementioned petri dish housing 
part 136 is adapted to house the petri dishes 4, by obliquely 
stacking them, and as shown in FIG. 13, when the petri dish 4 
sent to the circular transfer 137 from the petri dish housing 
part 136 is pushed and moved by the rotary arm 141, the petri 
dish 4 positioned on a lowermost site is automatically sent into 
the circular transfer part 137 by their own weight of the petri 
dishes 4 stacked on the upper site. The aforementioned rotary 
arm 141, with a free end portion extended toward the peripheral 
wall of the circular transfer part 137, is formed with a claw 
part 141a on one side in its rotational direction, to hook the 
petri dish 4 sent from the housing part 136. When the rotary 
shaft 139 is rotated counterclockwise by a motor not shown, this 
rotary arm 141 thereby turns counterclockwise, hooks the petri 
dish 4 sent from the housing part 136, pushes and moves it along 
the inner peripheral wall of the circular transfer part 137, 
and moves the petri dish 4 to a stand-by position ahead of the 
opening 137a once, and stops. Then, at the time of supplying 
the petri dish, the rotary arm 141 starts to turn again 
counterclockwise, and supplies the petri dish 4 to the shooter 



135 through the opening 137a and the opening 142a of the shutter 
plate 142 that moves so as to correspond to the opening 137a 
in synchronization with the turning of the rotary arm 141. 

The aforementioned shutter driving lever 143 is slidably 
pivoted on the support shaft 145, makes a long hole 143a bored 
on one arm end fit into a pin 130 set on the shutter plate 142, 
and is connected to this plate 142. In addition, the shutter 
driving lever 143 is connected to the solenoid 144, with a pin 
146 set on the plunger 144a fitted into a long hole 143b bored 
on the other arm end. When the solenoid 144 is energized, this 
shutter driving lever 143, with the plunger 144a projected from 
the inside of the solenoid 144, turns thereby counterclockwise 
around the support shaft 145, and allows the shutter plate 142 
to slide up to the position where the opening 142a is coincident 
with the opening 137a of the housing 138. In a state that both 
holes 137a and 142 are coincident with each other, it is matter 
of course that the petri dish 4 pushed and moved by the rotary 
arm 141 drops into the shooter 135 through the both holes 137a 
and 142a. When energizing to the solenoid 144 is canceled, the 
plunger 144a is pulled into the solenoid 144, and the shutter 
plate 142 automatically returns to a shutter closing position. 

According to the laboratory supplying device 12 thus 
constituted, every time the rotary arm 141 carries out one 
rotation, the petri dishes 4 stacked in the housing part 136 
are taken out to the circular transfer part 137 one by one, and 



also the petri dishes 4 are sent to the shooter 135 one by one 
through the openings 137a and 142a. Therefore, the petri dishes 
4 are automatically supplied onto the placement member 42 of 
the transfer device 6 one by one. 

As shown in FIG . 1 and FIG . 2 , the aforementioned observation 
device 14 is formed of a microscope at a position closer to the 
front part of the right side wall of the case 2 so that an eyepiece 
part is protruded outside and an object part and a light source 
part are housed in the culture chamber 3, and is also formed 
into a so-called inverted shape wherein the light source part 
is placed at the upper site relative to the object part. The 
eyepiece part is formed in the same way as a normal microscope, 
while the object part is formed so as to electrically form a 
driving mechanism of an object lens 147, because the object lens 
147 must move from outside for focusing. Namely, as specifically 
shown in FIG. 15, the driving mechanism of the object lens 147 
is constituted so that the object lens 147 is mounted on an upper 
end inner peripheral surface, and a male helicoids screw 148a 
is engraved on the outer peripheral surface of an outward directed 
flange formed closer to the upper end portion, and the essential 
main part thereof is constituted of an optical axis sliding 
cylinder 148, with a guiding long hole 148b in an optical axis 
direction bored on a part of a lower outer peripheral surface; 
a bearing cylinder 151 fitted into the lower outer periphery 
of this optical axis sliding cylinder 148, with a lower end portion 



fixed to a nonmovable body 149 (see FIG. 14) of the microscope; 
a guide pin 152, with a head part housed in a recess portion 
bored on the outer peripheral surface of this bearing cylinder 
151 so as to be screwed into this cylinder 151 and its tip end 
portion fitted into the guiding long hole 148b of the optical 
axis sliding cylinder 148; a rotary cylinder 154, with a lower 
inner peripheral surface rotatably fitted into the outer 
periphery of the bearing cylinder 151 through a ball bearing 
mechanism 153 and a female helicoids screw 154a screwed and 
engraved on an upper inner peripheral surface screwed into the 
male helicoids screw 148a of the optical axis sliding cylinder 
148 and a gear 154b engraved on the outer peripheral surface 
of the outward directed flange of the upper end outer periphery; 
an output gear 155 engaged with the gear 154b of this rotary 
cylinder 154; and a motor 156, with this output gear 155 attached 
to the output shaft. 

Note that an index 140 consisting of a light absorber 
showing an action range of this lens 147 is applied on the 
peripheral surface of one side of a barrel of the object lens 
147, and an optical sensor 150 is provided so as to face this 
index 14 0. 

This optical sensor 150 detects whether or not there is 
the index 140 at a position facing this sensor 150, and when 
no index 140 is detected, an alarm is given by a buzzer (not 
shown) because the object lens 147 exists outside the action 



range, and stops the rotation of the motor 156 for driving the 
object lens . In addition, the motor 156 can be rotated normally 
or inversely by an operation of a switch member (not shown) 
provided outside. 

The aforementioned lens 147 is arranged so as to be disposed 
just under one placement member 42 in the laboratory transfer 
device 6, and as shown in FIG. 4 , the optical axis is approximately 
coincident with a center axis of the placement member 42. The 
position of the placement member 42 just above this object lens 
147 is called an observation position. Accordingly, the 
cultured cells in the petri dish 4 placed on the placement member 
42 at the observation position can be observed from the lower 
surface side through the object lens 147. 

Note that in FIGs. 1 and 2, reference numeral 157 shows 
an eyepiece lens, and in FIG. 14, reference numeral 158 shows 
a relay optical system for optically connecting the object lens 
147 and the eyepiece lens 157, respectively. Further, although 
not particularly shown, inside of the culture chamber 3 is 
maintained to have high humidity, and therefore the object part 
of the observation device 14 is formed in a moistureproof 
structure in which O-rings and packing are heavily used. 

In order to perform focusing of the object lens 147 by 
the object part of the observation device 14 thus constituted, 
the outside switch member is operated to rotate the motor 156 
clockwise or counterclockwise. Then, the rotary cylinder 154 



is rotated counterclockwise or clockwise through the output gear 
155, the optical axis sliding cylinder 148 whose rotation is 
regulated by the pin 152 and the long hole 148b is advanced and 
retreated in the optical axis direction, by the action of female 
helicoid screw 154a and mail helicoid screw 148a. Therefore, 
while the cultured cells 10 in a transparent petri dish 4 are 
observed from the eyepiece lens 157, the switch member is operated 
when it becomes a just in-focus state, and the rotation of the 
motor 156 is stopped. Note that when a focusing direction is 
erroneously deviated from an action allowable range of the ob j ect 
lens 147, the optical sensor 150 no more detects the index 140. 
Therefore, warning or automatic stop of the motor 156 is performed. 
Accordingly, there is no problem that an object surface of the 
object lens 147 hits on the petri dish 4, etc., to destroy the 
petri dish 4, etc., or scratch the lens. 

Meanwhile, as shown in FIG. 14, an illumination light source 
part of the observation device 14 is formed of an illumination 
device 160 accommodating a light source lamp 161 and a condenser 
lens 162 in an armor cylinder 159 having amoistureproof structure, 
wherein the armor cylinder 15 9 is fitted into a through hole 
bored on the ceiling wall 48, and the upper end flange of this 
cylinder 159 is fixed to the ceiling wall 48 by a screw 163, 
which is then suspended in the culture chamber 3. It is matter 
of course, that the optical axis of this illumination device 
160 is coincident with the optical axis of the object lens 147. 



In addition, a moistureproof glass plate 164 is fitted into the 
lower end opening of the armor cylinder 159 through an annular 
pressing member 166 and an O-ring shaped packing member 165, 
not to be any obstacle to emitting illumination lights . Further, 
although not particularly shown, in this illumination device 
160, exchange of filters, etc., can be performed from the side 
of the machine chamber 47, thus making it possible to adjust 
the illumination lights without disturbing an atmosphere in the 
culture chamber 3. 

Note that the observation device 14 is constituted by 
arranging a diaphragm ring in the illumination device 160, and 
arranging a phase plate in an observation optical system, 
respectively, and can also be used as a phase difference 
microscope. Moreover, an optical system for photographing is 
attached to the eyepiece part, and the cultured cells in this 
petri dish 4 can be photographed without taking out the petri 
dish outside the culture chamber 3. 

Incidentally, although not particularly shown, in the 
culture chamber 3, a warming/humidifying device for warming and 
humidifying inside of the culture chamber 3, a spare 
heat-retaining device for retaining inside of the culture chamber 
3 to a prescribed temperature, a carbon dioxide gas/air supplying 
device for maintaining pH of a culture medium in the culture 
chamber 3 to an appropriate value (about 7.2), and an ultraviolet 
ray sterilizer for sterilizing the inside of the culture chamber 
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3, and a clean air blower for performing cleaning of the air 
in the culture chamber 3, are respectively attached. 

The aforementioned warming/humidifying device is 
constituted of a water tank for storing water for humidifying; 
a heater for heating the water in this water tank; a temperature 
sensor for detecting the temperature of the water in this water 
tank; a temperature adjusting unit for keeping a water 
temperature to a constant value (forexample, 37°C) by controlling 
energization to the heater based on an output of this temperature 
sensor; a blower for sending humidified air in an upper part 
of the water tank to the culture chamber 3; and a blowing pipe 
for connecting the warming/humidifying device and the culture 
chamber 3. This device stores the water poured through a water 
filling opening, warms it by the heater so as to be maintained 
to37°C (within±0 . 1°C) accurately for example . Then, humidified 
warm air in the upper part of the water tank is blown by the 
blower, which is thereby sent into the culture chamber 3 through 
the blowing pipe and simultaneously the air in the culture chamber 
3 is flown backward, and the inside of the culture chamber 3 
is warmed and humidified. 

The aforementioned spare warming device is constituted 
of the heater evenly arranged in the inner peripheral surface 
portion or the outer peripheral surface portion of the culture 
chamber 3; and the temperature adjusting unit for detecting and 
controlling the temperature of this heater, thus warming the 



inside of the culture chamber 3 to a temperature closer to a 

target temperature (for example, 37°C) than the periphery and 
to a temperature lower than this target temperature (for example, 

35°C) . In this way, by previously warming the culture chamber 
3, even if there is an uneven air flow in the culture chamber 
3 caused by the warming/humidifying device, it is possible to 
prevent a defect that the temperature is largely different 
depending on the place. 

The aforementioned carbon dioxide gas/air supplying 
device function to maintain the pH of the culture fluid in the 
petri dish 4, being the culture medium, to an appropriate value 
(about 7.2), by making constant a carbon dioxide gas 
concentration in a gas atmosphere in the culture chamber 3, and 
is constituted of a cylinder filled with carbon dioxide gas; 
an air pump for introducing air from outside; a gas flowmeter 
for measuring a flow rate of gas; an electromagnetic valve for 
controlling the flow rate of the gas; and an air feed pipe for 
connecting them. This device is adapted to mix in an appropriate 
ratio (carbon dioxide: 5%, air: 95%) the carbon dioxide gas 
regulated to an appropriate pressure by the cylinder and taken 
out, and the air introduced from the outside by the air pump 
through an air take-in port, and send the mixture thus obtained 
into the culture chamber 3. 

The aforementioned ultraviolet ray sterilizer functions 
to turn-on an ultraviolet ray lamp and sterilize unwanted 
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bacteria by irradiation of ultraviolet rays when the inside of 
the culture chamber 3 is being contaminated or is already 
contaminated, and is constituted of an operation switch for 
controlling the ultraviolet ray lamp and a blink of this lamp. 
Incidentally, a sterilizing method by ultraviolet rays has a 
defect that a place not directly irradiated with the ultraviolet 
rays is not sterilized. However, in a case of this automatic 
culture device 1, the inner wall surface of the culture chamber 
3 and the surface of devices arranged in this chamber 3 are selected 
to be a polished surface such as stainless as much as possible, 
and the ultraviolet rays are reflected by this mirror surface 
action, and even the rear sides of the devices are irradiated 
with the ultraviolet rays, thus making it possible to perform 
sterilization over further wide range. 

The aforementioned clean air blower is constituted of a 
high pressure blower and a filter with high performance, and 
sends sterilized wind into the culture chamber 3 from the outside 
(for example, 150 1/min or more) , thus performing drying and 
cleaning in the culture chamber 3. This device is suitably 
actuated at a non-culture time, and is used for previously 
cleaning the inside of the culture chamber 3. 

In addition, a front surface wall in the culture chamber 
3 is glazed, so that the inside of the culture chamber 3 can 
be directly observed by the naked eye from the outside . However, 
in order to prevent dew condensation, freely opened and closed 



outer door is provided so as to cover the front surface . A heater 
and a moisture sensor are installed on this outer door, and this 
door is warmed to about 37°C to 40°C slightly higher than the 
inside of the culture chamber 3 . By this warming, the temperature 
of an inside glass window is prevented from dropping. 

As shown in FIG.l, the control device 13 is constituted 
of a computing processor such as a microcomputer incorporated 
in a display and operation panel 167 provided on the front left 
side part of the case 2; an input /output device accompanying 
this computing processor; and a power supplying device, etc. 
In the display and operation panel 167, a temperature display 
part 168 for displaying the temperature in the culture chamber 
3 composed-of a liquid crystal display plate, etc., is provided 
on its upper front side, and a temperature adjusting knob 169 
for adjusting the temperature in the culture chamber 3 is arranged 
in its lower site . Further, a plurality of each kind of operation 
members 171 for controlling the action of this automatic culture 
device 1 are provided in a row in its lower site. 

Each kind of program such as a carrying-in/carrying-out 
program of the petri dish 4, a fluid draining program, a. fluid 
feeding program, a stirring program, and a dispensing program 
are programmed in the computing processor, and a series of 
operation of this automatic culture device 1 required for 
automatic culture is controlled, based on these programs. 
Namely, by driving the motor and the solenoid incorporated in 
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the already described each kind of devices, reading the output 
of the sensor, and performing energization to the heater, the 
automatic culture device 1 automatically executes a series of 
operation required in the subculture of the cells. 

The automatic culture device 1 for the cells according 
to the present invention is constituted as described above. 

Next, the operation of this automatic culture device 1 
will be explained with reference to a flowchart as shown in FIG. 16, 
along with an embodiment of the method for automatically 
culturing cells according to the present invention. 

First, when a power supply switch (not shown) of the 
automatic culture device 1 is operated, and this device 1 is 
set in an action state, the warming/humidifying device, spare 
heat-retaining device, carbon dioxide gas/air supplying device, 
etc., are actuated, and the inside of the culture chamber 3 is 
automatically set in a constant atmosphere (temperature: 37°C, 
humidity: 100%, carbon dioxide gas concentration: 5%) suitable 
for the cell culture. 

Next, when a culture order switch (not shown) of the 
automatic culture device 1 is operated, the 

carrying-in/carrying-out device 5 is actuated, thus moving each 
belt conveyor 23, 26, 29 in a carrying-in direction of the petri 
dish 4, and a carrying-in step of the petri dish 4 is started. 
Namely, when the petri dish 4 containing the cell to be cultured 
is placed on a tray 32, which is then sent into the 
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carrying-in/carrying-out device 5, this petri dish 4 is 
sequentially carried by the belt conveyor 29, 26, 23, and is 
transferred into the culture chamber 3. In the middle of this 
transfer, the belt conveyor 23 carries out turning of fixed angle 
clockwise around the support shaft 23a simultaneously with 
opening of the shutter 24, and its inner end portion is fitted 
into the cutout 42b of the placement member 42 at the 
carrying-in/carrying-out position. Therefore, the petri dish 
4 is automatically set on the placement member 42 by a carrying 
force of the belt conveyor 23. Setting of the petri dish 4 on 
the placement member 42 is detected by the 

carrying-in/ carrying-out sensor, and based on the output of this 
sensor, the action of the carrying-in/carrying-out device 5 is 
stopped. Thus, simultaneously with the closing of the shutter 
24, the belt conveyor 23 carries out turning of a fixed angle 
counterclockwise around the support shaft 23a, and returns to 
a normal position inclined from a horizontal position, and its 
inner end portion is retreated from inside of the cutout 42b 
of the placement member 42. 

After action of the carrying-in/carrying-out device 5 is 
stopped, subsequently the transfer device 6 as shown in FIG. 4 
is turned clockwise (in FIG. 4) , and is moved to an observation 
position from the carrying-in/carrying-out position. Here, an 
operator confirms that the petri dish 4 containing the cell to 
be cultured is set at a prescribed position in the culture chamber 



3, by the observation device 14, and when this is confirmed, 
operates a culture continuation order switch. Then, 
subsequently, a fluid draining step of the culture fluid is 
started. In this step, first, the transfer device 6 is 
automatically transferred clockwise, and the petri dish 4 is 
moved to the fluid draining position from the observation 
position. Next, the lid opening/closing device 78 
corresponding to the fluid draining position is actuated, and 
the lid 4a of the petri dish is opened. Subsequently, the 
solenoid 64 of the fluiddraining device 7 (see FIG. 6) is actuated, 
and the chip 58 is supplied into a chip insertion/removal pipe 
66. Then, the motor 55 is actuated, and with the movement of 
the driving belt 53, the fluid draining pipe 51 is gradually 
descended. The fluid draining pipe 51, with the chip 58 in the 
chip insertion/removal pipe 66 fitted to its tip end portion 
in the middle of its descent, penetrates through the chip 
insertion/removal pipe 66, thereby making the tip end of the 
chip 58 proceed into the petri dish 4 at the fluid draining position 
to push and move the petri dish 4, and stops at a position where 
this petri dish 4 is slightly tilted. Subsequently, a suction 
pump not shown is actuated for aprescribedtime, sucks the culture 
fluid in the petri dish 4 from the lower end opening of the chip 
58 and discharges it . Next, the motor 55 is rotated in an opposite 
direction to a direction described above, and with the movement 
of the driving belt 53, the fluid draining pipe 51 is returned 
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to the upper side. When the fluid draining pipe 51 ascends, 
the petri dish 4 returns to a horizontal posture, and the fluid 
draining pipe 51 makes the upper end surface of the chip 58 collide 
with the lower end surface of the insertion/removal pipe 66 in 
the middle of its ascent, and makes the chip 58 drop from its 
tip end portion. Then, at the time point when the fluid draining 
pipe 51 returns to a prescribed position, the rotation of the 
motor 55 is stopped, and the fluid draining pipe 51 returns to 
a normal position. An already used chip 58 that drops from the 
tip end portion of the fluid draining pipe 51 is taken out to 
the outside of the culture chamber 3 through a guide means not 
shown, and is housed in a chip preservation tank arranged at 
a place closer to the bottom part of the case 2, and is discarded 
later. Thereafter, the lid opening/closing device 78 is 
actuated again, and the lid 4a of the petri dish 4 is closed. 

Subsequently, a cleaning fluid pouring step is started. 
In this step, first, the transfer device 6 is turned 
counterclockwise (in FIG. 4) , and the petri dish 4 is moved from 
the fluid draining position to the fluid feeding position . Next , 
the lid opening/closing device 78 corresponding to the fluid 
feeding position is actuated, and the lid 4a of the petri dish 
4 is opened. Subsequently, a roller pump 74b as shown in FIG. 2 
is actuated, and the cleaning fluid is fed into the petri dish 
4 by a constant amount (for example, 3cc) through the roller 
pump 7 4b, the warmer 75b, and the fluid feeding tube 7 6b. Then, 



the lid opening/closing device 78 is actuated again, and the 
lid 4a of the petri dish 4 is closed. As described above, this 
cleaning step is performed for washing away old culture fluid 
adhered to the cell to be cultured so that the enzyme can 
effectively act in the enzyme processing step that follows. 

Next, the fluid draining step after cleaning is performed 
for discharging the cleaning fluid poured into the petri dish 
4 in the cleaning fluid pouring step to the outside the petri 
dish 4. In this step, first, the transfer device 6 as shown 
in FIG. 4 is rotated clockwise and the petri dish 4 is moved to 
the fluid draining position from the fluid feeding position. 
Then, thereafter, absolutely in the same way as the fluid draining 
step of the culture fluid as is already described, discharge 
of the cleaning fluid is performed from the petri dish 4. 

Then, when the fluid draining step of the cleaning water 
is finished, the pouring step of the enzyme solution is started. 
In this step, first, the transfer device 6 as shown in FIG. 4 
is turned counterclockwise, and the petri dish 4 is moved to 
the fluid feeding position from the fluid draining position, 
and the lid opening/closing device 78 is actuated, to open the 
lid 4a of the petri dish 4. Next, the roller pump 74c as shown 
in FIG. 2 is actuated, and the enzyme solution is fed into the 
petri dish 4 by a constant amount (for example, 3cc) from the 
inside of the storage vessel 72c, through the roller pump 74c, 
the warmer 75c, and the fluid feeding tube 76c. Subsequently, 



the lid opening/closing device 78 is actuated again, and the 
lid 4a of the petri dish 4 is closed, and the petri dish 4 stands 
for about one minute on the placement member 42. The petri dish 
4 stands for sufficiently making the enzyme (for example, 
trypsin) in the enzyme solution act on the cell to be cultured 
implanted in the bottom surface of the petri dish 4, and surely 
liberating the cell to be cultured from the bottom surface of 
the petri dish 4, being a growing surface. Next, the fluid 
draining step of the enzyme solution poured into the petri dish 
4 is performed in the pouring step of the enzyme solution poured 
into the petri dish 4. This fluid draining step is performed 
absolutely in the same way as the fluid draining step of the 
cleaning fluid, and therefore detailed explanation is omitted 
here. Then, after the fluiddraining step of this enzyme solution 
is completed, the petri dish 4 stands on the placement member 
42 for about ten minutes. Such a stationary of the petri dish 
4 is performed to promote the liberation between the cells and 
the growing surface by the enzyme solution remained and adhered 
to the cultured cells, decrease the coupling between respective 
cells, and urge the isolation of the cultured cells. 

When the stationary of the petri dish 4 is finished, next, 
a peel-off step of the cells is performed. In this step, first, 
the transfer device 6 as shown in FIG. 4 is rotated clockwise, 
and the petri dish 4 is moved to the peel-off position from the 
fluid draining position. Subsequently, energization to the 
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solenoid 91 of the peel-off device 9 as shown in FIG. 8 is performed 
by intermittently energizing the solenoid 91 for about one minute, 
by continuously striking the lateral sides of the petri dish 
4 or the lid 4a by the striking member 93, thereby adding vibration 
to the petri dish 4 in a lateral direction. When this vibration 
is added, the cultured cells in a state of liberation receives 
a deviating force in the lateral direction from the bottom surface 
of the petri dish 4, and is surely peeled-off from the bottom 
surface by its own inertia based on this deviating force. 

Next, after the aforementioned peel-off step is finished, 
in order to isolate the cell thus peeled-off, first, the poring 
step of the culture fluid is performed. In this step, first, 
the transfer device 6 as shown in FIG. 4 is rotated 
counterclockwise, and the petri dish 4 is moved to the fluid 
feeding position from the peel-off position. Next, the lid 
opening/closing device 78 is actuated, and the lid 4a of the 
petri dish 4 is opened, and subsequently the roller pump 74a 
as shown in FIG. 2 is actuated. Thus, the culture fluid is fed 
into the petri dish 4 by a constant amount (for example, 3cc) 
through the roller pump 74a, the warmer 75a, and the fluid feeding 
tube 76a. Then, the lid opening/closing device 78 is actuated 
again, and the lid 4a of the petri dish 4 is closed. 

Subsequently, a stirring step of the culture fluid is 
performed. In this step, first, the transfer device 6 as shown 
in FIG. 4 is rotated clockwise, and the petri dish 4 is moved 
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to the dispensing position from the fluid feeding position. 
Meanwhile, at the same time, the pipette supplying device 95 
as shown in FIGs.10 to 12 is actuated, and the pipette 97 is 
supplied to the pipette receiving member 122 and held thereby. 
Then, the rotary sliding shaft 101 of the dispensing device 11 
(see FIGs.9, 11, and 12) is rotated counterclockwise, and the 
bellows pump 98 is moved to the pipette receiving position from 
the dispensing position. Subsequently, the rotary sliding 
shaft 101 is descended, and the suction end 98a of the bellows 
pump 98 is engaged with the upper end opening of the pipette 
97, and the pipette 97 is mounted on the bellows pump 98 . Then, 
when the cam lever 132 is turned counterclockwise, with the 
turning shaft 131 as the center, and is temporarily retreated 
from the engagement position with the pipette 97, the rotary 
sliding shaft 101 is moved upward this time, and is subsequently 
rotated clockwise, and the bellows pump 98 on which the pipette 
97 is mounted is returned to the dispensing position from the 
pipette receiving position. Next, the lid opening/closing 
device 78 corresponding to the dispensing position is actuated, 
and the lid 4a of the petri dish 4 is opened. Subsequently, 
the rotary sliding shaft 101 is descended again, and the tip 
end portion of the pipette 97 is fitted into the petri dish 4 
at the dispensing position, and its descent is stopped, with 
this petri dish 4 pressed and slightly tilted. Next, the bellows 
pump 98 is sucked and actuated, and the culture fluid in the 
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petri dish 4 is sucked into the pipette 97 by a constant amount 
(for example, 3cc) . Therefore, when passing through a thin 
suction port of the pipette 97, the cultured cells in a peel-off 
state in the petri dish 4 is mutually separated, is further 
isolated, and is sucked into the pipette 97 together with the 
culture fluid. After suction of this culture fluid, the rotary 
sliding shaft 101 is ascended again, and the bellows pump 98 
is actuated in a discharge direction, with the pipette 97 
positioned at a higher position, and the culture fluid in the 
pipette 97 is discharged into the petri dish 4 again together 
with the cultured cells. Therefore, the cultured cells are 
further isolated. The suction/discharge of the culture fluid 
by the pipette 97 is repeated ten times, and the culture fluid 
is sufficiently stirred and the cultured cells are completely 
isolated. 

After the aforementioned stirring step, subsequently, the 
dispensing step of the culture fluid is performed. In this step, 
first, the rotary sliding shaft 101 is descended, and the culture 
fluid containing the cultured cells isolated is sucked into the 
pipette 97 by a constant amount (for example, 3cc) by a suction 
operation of the bellows pump 98. Subsequently, the lid 
opening/closing device 78 is actuated, and the lid 4a of the 
petri dish 4 is closed. In addition, at the same time, the petri 
dish supplying device 12 as shown in FIG. 13 is actuated, and 
a new petri dish 4 is supplied and set onto the placement member 
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42 at the petri dish supplying position (this new petri dish 
4 is called a first petri dish 4 hereunder) . Subsequently, the 
transfer device 6 as shown in FIG. 4 is rotated clockwise by one 
petri dish transfer part 37, and the petri dish supplying device 
12 is actuated again, and one more new petri dish 4 is supplied 
and set on the placement member 42 at the petri dish supplying 
position (this new petri dish 4 is called a second petri dish 
4 hereunder) . Namely, two new petri dishes 4 are taken out and 
set on the adjacent placement members 42. Next, the transfer 
device 6 is rotated clockwise, and the first petri dish 4 is 
moved to the dispensing position. Then, the lid opening/closing 
device 78 is actuated, the lid 4a of the first petri dish 4 is 
opened, thereafter a discharge operation of the bellows pump 
98 is performed, and the culture fluid containing the cultured 
cells isolated in the pipette 97 is discharged into the first 
petri dish 4 by half amount (for example, 1.5cc). Then, the 
lid opening/closing device 78 is actuated again, and the lid 
4a of the first petri dish 4 is closed. Subsequently, the 
transfer device 6 is rotated clockwise by one petri dish transfer 
part 37, and the second petri dish 4 is moved to the dispensing 
position. Thereafter, the lid opening/closing device 78 is 
actuated, the lid 4a of the second petri dish 4 is opened, the 
bellows pump 98 performs discharge operation again, and remaining 
half amount of the culture fluid containing the cultured cells 
isolated in the pipette 97 is discharged into the second petri 
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dish 4. Then, the lid opening/closing device 78 is actuated 
again, and the lid 4a of the second petri dish 4 is closed. 

In this way, the culture fluid contained in the first and 
second petri dishes 4 is only half of a prescribed amount, and 
is not sufficient for the culture of the cells. Therefore, a 
replenishing step of the culture fluid for replenishing the first 
and second petri dishes with the culture fluid by insufficient 
amount is next performed. In this replenishing step, first, 
the transfer device 6 as shown in FIG. 4 is turned counterclockwise, 
and the second petri dish 4 is moved to the fluid feeding position 
from the dispensing position. Next, the lid opening/closing 
device 78 is actuated and the lid 4a of the second petri dish 
4 is opened. Thereafter, the roller pump 74a as shown in FIG. 2 
is actuated, and the culture fluid is fed into the second petri 
dish 4 from the storage vessel 72a, by an insufficient amount 
(for example, 2cc) through the roller pump 74a, the warmer 75a, 
and the fluid feeding tube 76a. Then, the lid opening/closing 
device 78 is actuated again, and the lid 4a of the second petri 
dish 4 is opened. Subsequently, the transfer device 6 as shown 
in FIG.4 is rotated again counterclockwise by one petri dish 
placement part 37, and the first petri dish 4 is moved to the 
fluid feeding position. Thereafter, the lid opening/closing 
device 78 is actuated, the lid 4a of the first petri dish 4 is 
opened, and the roller pump 74a as shown in FIG. 2 is actuated, 
and the culture fluid of insufficient amount (for example, 2cc) 
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is fed into the first petri dish 4 . Then, the lid opening/closing 
device 78 is actuated and the lid 4a of the first petri dish 
4 is closed. 

After the replenishing step of the culture fluid is 
finished, a discarding step of an already used pipette 97 that 
remains in a state of being, mounted on the dispensing device 
11 (seeFIGs.9, 11, 12) is performed. Namely, the rotary sliding 
shaft 101 is rotated counterclockwise, and the bellows pump 98 
is turned toward the pipette receiving position. Therefore, 
the bellows pump 98 moves to the tip end position of the cam 
lever 132 that returns to the pipette releasing position that 
engages with the stopper pin 134, and the suction end 98a is 
fitted between the wedge-shaped cam parts 132a and 132b, the 
tip end portions of both cam parts 132a and 132b are respectively 
fitted between the flange 98c and the pipette 97, and the pipette 
97 is set apart from the suction end 98a . Therefore, the pipette 
97 drops from the suction end 98a by its own weight, and is taken 
out of the culture chamber 3 through the guide means not shown, 
and is stored in the pipette preservation tank disposed at a 
part closer to the bottom part of the case 2. The rotary sliding 
shaft 101 makes the bellows pump 98 turn to the pipette receiving 
position once, then is inverted, and makes the bellows pump 98 
return to the dispensing position and stops. 

Subsequently, the discarding step of the petri dish 4 is 
performed, for taking out the already used old petri dish 4 after 
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taking out the culture fluid containing the isolated cultured 
cells, to the outside the automatic culture device 1. In this 
step, first, the transfer device 6 as shown in FIG. 4 is rotated, 
and the old petri dish 4 is moved to the carrying-in/ carrying-out 
position. Next, the carrying-in/carrying-out device 5 is 
actuated, and each belt conveyor 23, 26, 29 is moved in a 
carrying-out direction, and carrying-out of the petri dish 4 
is started. Namely, when the shutter 24 is opened, 
simultaneously with this, the belt conveyor 23 is turned 
clockwise around the support shaft 23a, and the inner end portion 
is fitted into the cutout 42b of the placement member 42 at the 
carrying-in/carrying-out position, and the old petri dish 4 
placed on this placement member 42 is placed on the conveyor 
23 by the action of the engagement claw 23b and the carrying 
force of the conveyor 23. Then, the old petri dish 4 is 
sequentially carried on the belt conveyors 23, 26, and 29, which 
is then sent on the tray 32 by the carrying force of the conveyor 
29. Therefore, this petri dish 4 is manually taken out from 
the tray 32, and the petri dish 4 thus taken out is discarded. 

Then, as described above, the culture of the cells in a 
culture system of the second-generation prepared in the first 
and second petri dishes 4 are started. This culture step is 
performed by standing the first and second petri dishes 4 for 
a long time (for example, three days), in the culture chamber 
3 maintained in a constant atmosphere. The cultured cells , 
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in a floating state, isolated in the first and second petri dishes 
4 sediment in the culture fluid when the petri dish 4 stands, 
is implanted in the bottom surface wall of the petri dish 4, 
and starts to proliferate by cell division, with this bottom 
surface wall as the growing surface. At this time, the culture 
fluid contains a rich nutritional source, and is maintained in 
the temperature and pH optimal for proliferation. Therefore, 
the cultured cells surely perform proliferation. 

When a prescribe time required for proliferation is elapsed, 
a transfer order switch (not shown) provided in the automatic 
culture device 1 is operated to rotate the transfer device 6, 
and the first petri dish 4 is moved to the observation position. 
Then, by the observation device 14, a proliferation status of 
the cells in the first petri dish 4 is observed. In addition, 
in the same way, the proliferation status of the cells in the 
second petri dish 4 is observed. By this observation of the 
cells in the first and second petri dishes 4, the first and second 
petri dishes 4 stand when the proliferation status is not 
sufficient and the proliferation needs to be continued. In 
addition, when a prescribed proliferation status is obtained, 
and when it is further desired to prepare the culture system 
of the second-generation and perform the subculture, with the 
proliferated cells as the cultured cells, a culture continuation 
order switch is operated. Then, as shown in FIG. 16, a process 
from the fluid draining step to the discarding step of the petri 



dish 4 is performed for the first and second petri dish 4 , further 
the culture system of the cells of the second-generation is 
prepared, and the culture of the third-generation of the cells 
is performed. 

Then, when it is so determined that no more culture is 
needed by the observation of the cells in the first and second 
petri dishes 4, a carrying-out step of the first and second petri 
dishes 4 is performed. In the same way as the discarding step 
of the petri dish 4, this carrying-out step is performed so that 
the first and second petri dishes 4 are sequentially moved to 
the carrying-in/carrying-out positions by rotating the transfer 
device 6, and operating the carrying-in/carrying-out device 5 
twice . Since the first and second petri dishes 4 thus carried-out 
are sequentially sent on the tray 32, these petri dishes 4 are 
manually taken out, and the cells grown in the petri dish may 
be used in a desired purpose, for example, in an experiment, 
etc. 

As described above, according to the method and device 
of the present invention, all steps of the cell culture can be 
continuously performed in one culture chamber. Therefore, 
culture condition can be kept constant, and an environment is 
not disturbed, thus making it possible to always obtain a stable 
cultured cells. 

In addition, a shutter mechanism and a filter mechanism 
for opening and closing a shutter mechanism and a filter mechanism 
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capable of being aseptically opened and closed are provided in 
a contact part between the culture chamber and the outside. 
Therefore, there is almost no risk of contaminating the cultured 
cells by bacteria and virus. 

Further, a supplying mechanism and a discarding mechanism 
of the chip and the pipette are provided in the fluid draining 
device and the dispensing device. Therefore, contamination 
between respective petri dishes can be prevented. 

Further, the culture fluid and the enzyme solution, etc. , 
are preserved at a low temperature till use. Therefore, no 
inactivation of the medical agent and enzyme is caused and they 
are prevented from deteriorating and need not to be exchanged 
many times, thus reducing the risk of contamination. 

Also, a peel-off mechanism and a stirring mechanism are 
made simple. Therefore, damage of the cells can be reduced, 
and the cells can be recovered at a high yield. 

Further, by mechanically operating the 
dispensing/stirring/peeling-of f the culture fluid, an accurate 
and always uniform operation is enabled compared to performing 
manually, and an operation content can be arbitrarily adjusted 
and changed. 

Still further, a subculture operation, being a basic 
operation of the cell culture can be stably performed without 
contamination. As a result, advantages such as improving 
reliability of the experiment using the cultured cell, realizing 
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application to various culture experiments by arranging attached 
equipment such as a chemical liquid pouring unit, and realizing 
a safe and secure experiment with almost no risk of biohazard, 
can be obtained. 

4. Brief description of the drawings 

FIG.l is a front sectional view of an essential part of 
an automatic culture device for cells showing an embodiment of 
the present invention. 

FIG. 2 is apian view of a mechanical chamber of the automatic 
culture device shown in FIG.l. 

FIG. 3 is a sectional view of a carrying-in/carrying-out 
device disposed in the automatic culture device shown in FIG.l. 

FIG. 4 is a plan view of a transfer device disposed in the 
automatic culture device shown in FIG.l. 

FIG. 5 is a perspective view of a petri dish transfer part 
in the transfer device shown in FIG. 4. 

FIG. 6 is a sectional view of the essential part of a fluid 
draining device disposed in the automatic culture device shown 
in FIG.l. 

FIG. 7 is a perspective view of the essential part of a 
lid opening/closing device disposed in the automatic culture 
device shown in FIG.l. 

FIG. 8 is a side view of a peel-off device disposed in the 
automatic culture device shown in FIG.l. 

FIG. 9 is a sectional view of the essential part of a 



dispensing device disposed in the automatic culture device shown 
in FIG.l. 

FIG. 10 is a plan view of a pipette supplying device 
accompanied with the dispensing device. 

FIG. 11 is a perspective view of the essential part showing 
a disposing relation of the dispensing device shown in FIG. 9and 
a pipette releasing device shown in FIG. 9. 

FIG. 12 is apian view of the essential part showing a turning 
locus of a bellows pump in the dispensing device shown in FIG. 9 
and a positional relation of the pipette receiving member of 
the pipette supplying device shown in FIG. 10 and a cam lever 
of the pipette releasing device shown in FIG. 11. 

FIG. 13 is a plan view of a petri dish supplying device 
disposed in the automatic culture device shown in FIG.l. 

FIG. 14 is a sectional view of an observation device 
disposed in the automatic culture device shown in FIG.l. 

FIG. 15 is an expanded perspective view of the essential 
part showing a driving mechanism of an object lens in the 
observation device shown in FIG. 14. 

FIG. 16 is a flowchart showing a sequential step of an 
automatic culture method of cells showing an embodiment of the 
present invention . 

1 Automatic culture device 

3 Culture chamber 
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4 Petri dish (culture vessel) 

5 Carrying-in/carrying-out device 

6 Transfer device 

7 Fluid draining device 

8 Fluid feeding device 

9 Peel-off device 

11 Dispensing device 

12 Petri dish supplying device 

13 Control device 

14 Observation device 

78 Lid opening/closing device 

95 Pipette supplying device 

96 Pipette releasing device 
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